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Radium and Radio-Activity—I° 


A Consideration of Some of the Physical and Chemical Aspects 


LIke so many of the grent discoveries, the discovery 
of that property of matter called “radio-activity” was 
the result of an accident. In 1806 the French physicist, 
Becquerel, was investigating the effect of the fluorescent 
light of uranyl potassium sulphate upon photographic 
plates enclosed In a light-proof cover, One cloudy day 
the uranium salt was lald upon the covered plate in 
a drawer to awalt a day when the salt might be ex- 
cited to fluorescence by the action of sunlight. Several 
days later, when a new plate was put into the holder 
and the old one developed, to his great surprise Bec- 
querel found that in the closed dark drawer the unex- 
posed salt had strongly affected the photographic plate, 
causing a very dark spot. Numerous experiments con- 
vinced Becquerel that he had discovered a new property 
of matter, and careful investigation showed that this 
property of affecting the photographic plate was pecul- 
jar to the clement uranium, the effect being proportional, 
ordinarily, to the uranium content of the various salts 
which were used, 

This property of spontaneously sending out energy in 


the form of rays which, like the N-rays, penetrate 
through matter and cause such changes, has been 


called radio-activity, and the rays of these substances 
sometimes are called Beequerel rays. Later Becquerel 
found that the rays of uranium cause also the discharge 
of clectriently charged bodies, and Rutherford showed 
this to be due to the lonization of the gas through which 
the rays pass, These phenomena were most remarka- 
ble, as they seemed to be due to a substance able to 
give out energy In the form of these rays without un- 
dergoing any change or receiving energy in any ordi- 
nary form, 

The photographie effect and the fonization of gases 
furnish very delicate tests of radio-activity, the photo- 
graphic being a qualitative test, whereas the electrical 
methead way be quantitative, Gases ordinarily are non- 
conductors of the electric current, but when acted on 
by the Beequerel rays, the molecules of the gas are 
split Inte electrically charged parts or aggregates called 
jons. The simplest form of instrument for measuring 
the Intensity of the ionization of a gas, which is a meas- 
ure of the Intensity of the radiations of a radlo-active 
substance, is some form of a leaf electrowcope. A very 
thin, narrow strip of metal foil, gold, silver or alumi- 
num, Is attached by its upper end to a well-insulated 
vertical metal support which is contained in a metal 
case, suitably provided with windows for observing 
the leaf. When a charge of electricity is communi- 
cated to the leaf system, the charge on the leaf is re- 
pelled by the charge on the metal support and the leaf 
moves out towards a horizontal position like an inverted 
lL. This repulsion is proportional to the charge on the 
lenf system, If a radio-nctive substance causes the 
air In the electroscope to be lonized, that is, to become 
an conductor, the charge leaks away and the leaf moves 
back to a vertical position, By means of a reading mi- 
croscope and seale, the rate of movement of the leaf 
may be observed, This rate Is proportional to the in- 
tensity of lonization of the gas. If the Instrument is 
calibrated, the result may be expressed as a current, 
since n current Is the rate of passage of a quantity of 
electricity. These ionization currents are exceedingly 
small, that due to a square centimetre of metallic 
uranium being 0.00000000008026 ampére. But activi- 
ties of the order of 1-100th that of uranium may read- 
ily be detected by this method. 

Uranium Is not the only radlo-active element, for soon 
after, In 1898, Schmidt and, independently, Madame 
Curle found that the element thorium was radlo-active, 
ite activity being a little less than that of uranium. 
Madame Curie, in studying the various minerals by an 
electrical method, found that certain of these were 
more active than metallic uranium, which was sup- 
posed to be the most highly radio-active substance. 
On separating the uranium from these minerals, it 
was found to have its normal activity and so it was 
concluded that the minerals must contain a more highly 
active substance. In a chemical investigation of the 
residues from the most active of these minerals, a 
pitchblende from St. Joachimsthal in Bohemia, Madame 
Curie discovered that the bismuth In the mineral, when 
separated, posssese] a considerable activity. To this 
new substance she gave the name polonium, Shortly 
afterward, T'rofessor and Madame Curie and G. Be- 
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mont found that there was another radio-active sub- 
stance, which remained with the barium from the pitch- 
blende. This barium salt was converted into barium 
chloride and subjected to a process of fractional crys- 
tallization, resulting in a concentration of the radio- 
active substance, which was found to possess (in a 
pure state) an activity several million times that of 
uranium. This substance was called radium. Later, 
Debierne obtained another active product from pitch- 
blende, which he called actinium. Working with the 
radio-active substances, other interesting properties 
were discovered—one, in their ability to cause many 
substances, such as barium-platinocyanide and Sidot’s 
hexagonal blende (a form of zine sulphate), to become 
luminous. Curie and Laborde found that radium salts 
are continuously giving off heat in sufficient quantity 
to keep the salt several degrees warmer than the sur- 
roundings. In one hour one gram of radium evolves 
sufficient heat to warm 134 grams of water through one 
degree centigrade (134 calories). Walkhoff, Giesel, 
Curie, Becquerel and others found that radium rays 
produce burns on the skin, much the same in character 
as those caused by X-rays, and it is well known what 
important and wide application this property, carefully 
controlled, has found in dermatology and in the treat- 
ment of malignant growths. 

It may easily be shown by means of an electroscope 
that the radiation from uranium, polonium, radium and 
actinium is not homogenous. A very thin layer of ra- 
dium salt exposed in an electroscope produces a very 
intense ionization, so that the charged leaf moves 
rapidly. If the salt is covered with a thin metal sheet 
(say 0.006 cm. of aluminum) or mica, or a sheet of 
ordinary writing paper, the ionization is found to be 
only a few per cent. of that due to the freely exposed 
salt. If a second sheet is applied, the ionization is 
only a little less than that with one sheet. With ten 
such sheets, the ionization is reduced to about one-half 
that observed with one sheet. This is due to the fact 
that the first sheet cuts off completely some rays which 
have a greater ionizing effect. The residual ionization 
is due to a penetrating type of rays. With very great 
thickness of metal screening the radium preparation, 
there is found to be a very penetrating radiation which 
produces an ionization of the order of one ten-thou- 
sandth of that due to the free exposed salt. The read- 
ily absorbed rays have been called the alpha rays, those 
of intermediate penetrating power the beta rays, and 
the very penetrating radiation the gamma rays. 

The alpha rays produce by far the greatest ionizing 
effects in gases, although after passing through a few 
centimetres of air, they are completely absorbed. They 
have been shown to be positively charged helium atoms, 
shot out with a velocity of about 1,000 miles per second 
(1-15th the velocity of light). Due to this velocity and 
the comparatively great mass of the particles, it is only 
with the most intense electric and magnetic fields that 
deviations of these rays could be produced. The de- 
viations, however, proved that the particles are elec- 
trically charged, for a moving charged body will always 
be deflected from its path when passing through a suf- 
ficiently intense electric or magnetic field, whereas an 
uncharged body does not change the direction of its 
motion. Crookes, using a lens, found that the light of 
prosphorescent zinc sulphide made luminous by the 
rays of radium, consisted of numerous flashes of light. 
The spinthariscope is an instrument which he devised to 
show these scintillations. A small speck of radium or 
other highly radio-active material is supported a few 
millimetres above a zinc sulphide screen fixed in one 
end of a tube, which contains a lens at the other end. 
In a dark room, the screen is seen as a dark field dotted 
with brilliant flashes of light, which come and go 
rapidly. This experiment very vividly impresses the 
observer with the fact that the radio-active material is 
continually shooting out particles, whose impact with 
the screen is marked by a spark of light. This effect 
was found to be due to the alpha particles; for, if the 
radium was moved away a few centimetres, or if it was 
screened with a very thin paper, the scintillations ceased. 
The length of a path through which an alpha particle 
produces its characteristic effects of inonization, pho- 
tographic effect, scintillations, etc., is called its range. 
The ranges of the alpha particles of the various active 
substances have been measured and are found to be 
different for the different elements. The range of the 
alpha rays of radium is 3.3 cm. in air. This means 
that at a distance greater than 8.3 cm. from a ra- 


dium preparation there will be no ionization in air, go 
far as the alpha rays are concerned, and no scintilla- 
tions on a phosphorescent screen. 

The great energy with which the rays are shot out 
is the source of the heat that all radio-active bodies 
produce, for on stopping the alpha rays their extra 
energy finally is converted into heat. The alpha par 
ticles produce the greatest heating effect, furnishing 
123.6 calories of the 134 calories which one gram of 
radium produces in an hour. The effect of alpha rays 
on the skin, because of their ready absorption, is con- 
fined to a thin surface layer, and, depending upon the 
activity of the preparation and the time of exposure, 
the effect varies from a faint reddening to an intense 
necrosis. 

The beta rays are about a hundred times more pene- 
trating than the alpha rays and have been found to be 
of the same type as the cathode rays. They are nega- 
tively charged particles, having a mass of 1/6800th 
that of alpha particles, and their velocity is of the 
order of that of light. The total ionization which the 
beta rays of radium produce in gases is about 3 per 
cent. of that due to the alpha rays, the heating effect 
being also of this order, since the beta rays furnish 43 
calories of the 134 calories given off per hour by one 
gram of radium. The beta rays of radium are nearly 
completely absorbed by eight millimetres thickness of 
alumnium or two millimetres of lead. Roughly, it may 
be assumed that the thickness of matter required to 
absorb any type of rays is inversely proportional to 
the density of the substance, or that the absorption 
is proportional to the density. Beta rays are more 
energetic in their action on the photographic plate 
than are alpha rays, but while they excite phosphores- 
cent substances, the effect is generally much less than 
that due to alpha rays. Changes in coloration take 
place when many substances are exposed to the action 
of the rays—but here again the effects of beta and 
gamma rays are usually mucli less than those of the 
alpha rays, although in the latter case the change is 
limited to a surface layer, whereas the change due 
to beta and gamma rays penetrates deeper. Some 
kinds of glass at first become violet, and on longer ex- 
posure almost black. The rays cause many chemical 
changes to take place. They ozonize the air, and under 
the action of its own rays, the solid bromide of radium 
exposed to air decomposes its water of crystallization 
into oxygen and hydrogen; the salt loses bromine and 
is slowly converted into a carbonate. Under the influ- 
ence of the beta and gamma rays of radium, hydrogen 
and chlorine combine to form hydrochloric acid, and 
water is decomposed to give hydrogen and hydrogen 
peroxide. The physiological effects of the beta and 
gamma rays—while not so intense as those of the alpha 
rays from a given amount of radium—because of the 
greater penetrating power of the beta and gamma rays, 
find very useful application in the treatment of many 
forms of skin diseases, tumors, etc. 

The gamma or very penetrating rays are ether 
vibrations analogous to the X-rays, but these rays are 
much more penetrating than the X-rays produced in a 
“hard” vacuum tube, and they are from ten to one 
hundred times more penetrating than the beta rays. 
The total heat effect of the gamma rays of radium is 
about of the same magnitude as that due to the beta 
rays. The gamma rays are not deviated by the electri¢ 
or magnetic field. They are closely related to the beta 
rays, since they are capable of being transformed into 
beta rays. It is quite probable that their ionizing ef- 
fects in gases are due to the secondary beta rays, which 
the gamma rays produce. The gamma rays of radium 
are half-absorbed after passing through 115 metres 
of air. Due to the gamma rays, a delicate electroscope 
could readily show the presence of one gram of radium 
more than 100 metres distant. The gamma rays of 
radium are absorbed to the extent of about 40 per 
cent. after passing through one centimetre of lead ; and 
after passing through ten centimetres of lead, there 1s 
still 0.6 per cent. unabsorbed. 

Gamma rays from 30 milligrams of radium can 
still be detected by means of an electroscope after pass 
ing through a foot of iron. As it is difficult accurately 
to measure the current due to the intense ionization 
produced by larger quantities of radium (quantities of 
the order of one milligram or more), it is now the 
practice to compare such quantities of radium by means 
of their gamma-ray ionization current. The interpa- 
tional gamma-ray radium standard was prepare! by 
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Mme. C by carefully weighing out a quantity of 
ure, dry radium chloride, and standards prepared by 
onl with this international standard furnish 
the mea! f estimating accurately larger quantities of 
radium. 

The fit experiments with uranium, thorium and 
radium ywed that the activity of these substances 
was spon!iueous, and since no change in the intensity 
of the 1 itions was found, when observations were 


a period of several years, it was supposed 
In 1899 and 1900 
indicated that 


made during 
that this .ctivity was permanent. 


which 


some obs-rvations were made 
some radiv-active substances may lose a part of their 
activity i very short time. The activity of uranium 


found by Becquerel and Mme. Curie to be 
an atomic property, unaffected by the chemical com- 
bination «of uranium with other elements. In 1900 Sir 
William Crookes found that by a single chemical oper- 
ation he could separate from uranium a very minute 
quantity of a substance, free from uranium, which, 
as measured by its effect on the photographic plate, was 
hundreds of times more active than an equal weight of 
uranium. ‘his substance he called uranium X,- the 
“X” indicating, as in algebra, an unknown. Becquerel 
found another method for separating uranium X from 
uranium, by precipitating barium suiphate in a solu- 
tion of uranium salt, the barium sulphate carrying 
down the uranium X, leaving a uranium solution that 
was inactive (photographically). A year later he found 
the barium sulphate was quite inactive and that the 
uranium had regained its activity. Rutherford and 
Soddy found it possible, by a single operation, to sep- 
arate a substance from thorium which in cases was 


bad been 


thousands of times more active than an equal weight of 
thorium. This substance they called thorium X. In 
the case of thorium it was not possible completely to 
remove all the activity, a limit being reached when 
the activity of the thorium was reduced to about one- 
third of its initial value. In a month after its prepara- 
tion thorium X was found to be inactive, and the tho- 
rium, from which it had been separated, had regained 
fts normal activity. Accurate electrical measurements 
of the alpha-ray activity of thorium X and thorium, 
free from thorium X, showed that the former product 
lost its activity at the same rate that the thorium re- 
gained its activity, so that in four days half the ac- 
tivity of the thorium X was gone, and the thorium 
had regained half of its lost activity. In another four 
days half of the remaining activity of the thorium X 
was lost and the thorium had regained a corresponding 
amount, and so on, until by the end of the month the 
thorium X was practically inactive, and the thorium 
had regained its original activity. Similar measure- 
ments on the beta rays of uranium X (the beta rays 
are much more active photographically than the alpha 
rays, so that in Becquerel’s work the uranium, free 
from uranium X and producing only alpha rays, was in- 
active, in comparison with the uranium X, which pro- 
duces the photographically active beta and gamma 
rays) showed that the uranium X lost half of its ac- 
tivity in about twenty-five days, and that the uranium 
recovered half of its lost activity in the same time. 
The velocity of all ordinary chemical reactions may 
be varied by suitably varying the conditions of tem- 
perature, concentrations of reacting substances, etc. 
Hydrogen and oxygen gas may be mixed at ordinary 
temperatures and the velocity of formation of water, 
due to their chemical combination, is exceedingly small. 
But if the mixture is heated the velocity of reaction 
becomes so great that the combination takes place with 
explosive violence. In case of radio-active changes, it 
has been impossible, so far, to change in the slightest 
degree the rate at which the change of activity of the 
different substances is taking place. In the heat of the 
electric furnace or the cold liquid air, in a state of 
high concentration, or when mixed with enormous 
quantities of other forms. of matter, the uranium X 
and thorium X, in fact, all radio-active substances, as 
we shall see, undergo a loss of activity at a definite 
rate which is characteristic for each of the substances. 
The time required for the activity of a quantity of a 
definite radio-active substance to fall to half its initial 
value, as measured, for example, by its saturation 
ionization current in an electroscope, is called the 
“half-value period,” or, briefly, its period. Radio-ac- 
tivity is due to a spontaneous production of new forms 
of active matter, as, for example, uranium X from 
uranium, and the laws which control this production 
differ from the laws governing ordinary chemical re- 
actions, since by no known means can the rate of for- 
mation or decay of the activity of the radio elements 
be influenced. The alpha, beta, and gamma rays, and 


the very considerable quantities of energy with which 
their rays are endowed, must also be accounted for. 
In 1903 Rutherford and Soddy advanced the hy- 


pothesis that the atoms of the radio-active elements 
are suffering spontaneous disintegration and that each 
atom so changing passes through a well-defined series 
of changes, accompanied usually by the emission of an 
alpha ray. This theory supposes that on an average, 
in a given time, a certain definite fraction of ll the 
atoms of any radio-active substance become unstable 
and these atoms break up. This process of disintegra- 
tion of the atoms is very violent, and usually results 
in the throwing off of an alpha particle with great 
velocity. In the case of some substances, as, for ex- 
ample, uranium X, the atom gives off a beta particle 
and gamma rays. We may view the formation of 
uranium X from uranium, and thorium X from thorium 
from the standpoint of the corpuscular theory of muat- 
ter. Some of the uranium atoms become unstable and 
disintegrate, each one shooting out an alpha particle 
and leaving an atom of uranium X. Only an exceed- 
ingly small fraction of all the uranium atoms present 
undergoes this change in any short interval, and this 
very slow decay of the uranium makes the activity of 
the uranium, as measured by the ionization current 
due to its alpha rays, sensibly constant. The half-decay 
period of uranium is estimated to be about 5,000,000,000 
years. 

In a given quantity of uranium there are being pro- 
duced every second a certain definite number of atoms 
of uranium X. If the uranium is initially freed from 
uranium X by any suitable chemical means, there will 
be formed in the first second this same definite num- 
ber of uranium X atoms, and of these a certain pro- 
portion will be changed into the next product—but not 
all will change. In the next second more uranium X 
atoms are formed, and since there are now these to- 
gether with the uranium X atoms which did not dis- 
integrate in the preceding second, the number which 
de change in the second second is greater, since this 
number is always the same definite fraction of the total 
number of uranium X atoms present. This process of 
piling up of uranium X atoms goes on until the num- 
ber of uranium X atoms changing in an instant is 
equal to the number of these which are formed perf in- 
stant from the uranium. This limiting condition is 
called that of radio-active equilibrium. The exact 
mathematical development of this state of radio-active 
equilibrium us to calculate the quantity of 
uranium X which is in equilibrium with a quantity 
of uranium, this being about one hundred-millionth 
of a gram of uranium X for a kilogram of uranium. 
Thorium, which is decaying, with a period of about 
13,000,000,000 years, gives rise to the thorium X in a 
similar manner. The remarkable amounts of energy 
which are associated with radio-active changes may 
now be accounted for. It comes from the stores of 
energy that are within the atoms of the transmuting 
elements. The total extent of this internal energy we 
can only speculate about, but its probable magnitude 
may be comprehended when it is understood that the 
energy changes involved in the complete disintegration 
of one gram of radium equal the heat energy evolved 
when half a ton of coal is burned. More than 20,000 
years are required for the complete disintegration of a 
quantity of radium, so that the energy is liberated 
rather slowly, and the cost of radium makes the ap- 
plication of very large amounts of “radio-active” en- 
ergy almost prohibitive. 

In 1899 Owens found that the activity of thorium 
compounds seemed to be variable, if a current of air 
were passel over the substances. A steady stream of 
air was found to reduce the activity markedly. Ruther- 
ford investigated this peculiar effect, and decided that 
the thorium was continually giving off radio-active 
particles which possess the property of ionizing gases 
acting on the photographic plates, and of rapidly dif- 
fusing through porous materials like paper. This sub- 
stance he called the thorium “emanation,” from its 
gas-like behavior. Special experiments showed that 
this substance really is radio-active matter that is gase- 
ous. The thorium emanation must not be confused 
with the alpha, beta and gamma rays. The emanation 
is a form of radio-active matter that gives off alpha 
rays in the process of its disintegration. Being a gas, 
the emanation can easly be blown away in a current 
of air, and this explains Owens’ first observations on 
the variation of the activity of some thorium com- 
pounds. The passage of active matter through porous 
materials is also explained in this way. The thorium 
emanation, like thorium X and uranium X, decays in a 
comparatively short time, its period being 54 seconds, 
so that in ten minutes after separating the emanation, 
practically all of it has decayed. 

Shortly after the discovery of the thorium emana- 
tion, Dorn found that radium also gives rise to a char- 
acteristic radio-active gas, which from analogy is called 
the radium emanation. Thorium emanation and radium 


enables 


emanation are given off only very slowly from the 
solid thorium and radium salts, but when these are 
strongly heated or are dissolved the emanations are 
given off quite freely. The period of radium emana- 
tion is 3.85 days, and radium free from its emanation 
will again produce the equilibrium amount of emana- 
tion if sealed for about thirty days. Radium emana- 
tion is a chemically inert gas of the argon type. Like 
radium, it shows a characteristic spectrum, and, when 
strongly condenses at -150° C. Diffusion 
experiments showed that it was a gas of very high 
atomic weight, and in 1911 R. W. Gray and Sir W. 
Ramsay actually determined its atomic weight by 
weighing a known volume of pure emanation. From 
their results, the atomic weight was found to be 223, 
The atomic weight of radium is 226.4, and in chang- 
ing into the emanation one alpha particle (helium 
atom) is lost from the radium atom, The atomic 
weight of helium is 4, so that it is to be expected that 
the emanation would have an atomic weight of 222.4. 
Some idea of the delicacy of the work of Gray and 
Ramsay may be obtained when it is known that the 
weight of emanation used in their experiments was 
less than one-thousandth of a milligram, that the glass 
vessels containing the emanation weighed about thirty 
milligrams, and that the microbalance on which the 
weighings were made was sensitive to about one-mil- 
lionth of a milligram. Gray and Ramsay have sug- 
gested the name “niton” (which is Greek for “the 
shining one’) for the radium emanation, since it now 
may be definitely admittel to be an element, and a 
higher analogue of the “noble gases,” helium, argon, 
neon, krypton and xenon. The amount of radium ema- 
nation in equilibrium with one gram of radium element 
is called the “Curie,” and has been found to occupy a 
volume under normal conditions of temperature and 
pressure of 0.6 cubic millimeter, and to have a weight 
of 0.066 milligram. So delicate are the electroscopic 
methods for detecting radium emanation that radium 
emanation from one hundred-millionth of a gram of 
radium gives a readily measurable rate of discharge in 
an electroscope. The produced by the 
action of the alpha rays from radium emanation, when 
exposed to a zine sulphide screen, is very marked, for 
example, passing 0.006 milligram of radium emanation 
into a cylindrical glass vessel having walls coated: with 
a thin layer of phosphorescent zinc sulphide leads to 
the production of an intense luminescence which can 
readily be seen in a darkened room for a distance of 
fifty feet or more. 

A very remarkable property of radium and thorium 
is the ability to cause bodies which are exposed to 
them to become temporarily radio-active. A piece of 
metal foil exposed to thorium hydroxide for several 
hours behaves, after removal, as though it were radio- 
active. This activity was at first called “induced,” or 
“excited,” activity, since it was thought that the ex- 
posure to the radio-active substances actually caused 
ordinary matter to become temporarily active. This 
effect is now known to be the result of a deposit of 
radio-active matter on inactive bodies, and this radio- 
active matter is called the “active deposit.” Matter 
exposed to radium receives the characteristic radium 
“active deposit.” The source of these active deposits 
is the gaseous radio-active matter or emanations which 
thorium and radium produce. The emanations diffuse 
into the air around the preparations, and in decaying 
give rise to other radio-active matter, which, not being 
gaseous, collects on whatever objects may be about, 
and constitutes the “active deposit.” The periods of 
these active deposits have been measured and are found 
to be 26.8 minutes for the radium deposit, and 10.6 
hours for the thorium deposit. 

[To BE 
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Artificial Stone from Mica and Clay 

Mr. Cur. INGVALDSEN, of Saaheim, Norway, has de- 
vised a process of making a practicable building stone 
by mixing finely divided mica with a just sufficient 
amount of clay, or other substance of similar proper- 
ties, to form a coherent mass, which is then shaped into 
blocks, plates, and other objects of any desired shape 
and size. These are then fired at a temperature just 
high enough to fuse the mass, the resulting stone hay- 
ing in general the same properties as natural mica. 

If it be desired to produce stone having greater re- 
sistance to high temperatures the process is modified 
as follows: Instead of mica alone a mixture of equal 
parts of mica and of crushed quartz, with just enough 
clay to act as a binder. The stones formed from this 
mixture are fired at a temperature high enough to se- 
cure the fusing of the mica. The result is a homoge- 
neous mass not only highly refractory to heat, but ca- 
pable of acting as an electric insulator.—Neueste 
Erfindungen und Erfahrungen. 
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Social Wasps and Their Ways 


Some Interesting Facts About These Familiar Insects 


Tue true wasps, which may be distinguished from 
all other Hymenoptera by the longitudinal folding of 
the fore-wings when the insect is at rest, fall naturally 
into two groups. In the first group (Zumenide) the 
shin or tibia of the middle leg has only one spine at 
the tip, and the claws of all the feet are toothed; in 
the second group (Vespide@) there are two tibial spines 
on the middle leg, and the claws of the feet are simple. 
It is to the latter group, commonly called “social wasps,” 
that the following paragraphs will apply, while special 
reference will be made to the typical genus Vespa, the 
yellow and black species, which are notable for their 
large co-operative communities, and for the elaborate 
covered which they construct. Nearly all the 
other social wasps in the United States are long-bodied, 
black insects referable to the genus Polistes. Their 
communities are far less populous than is the case with 
Vespa, while their nests consist of a single comb with- 
out any envelop 

Social wasps employ a material for the construction 
of their habitations which is quite unique in the 
economy of insect life. It consists of woodfiber, rasped 
by the wasps from tree trunks and fences, and worked 
up with their adhesive saliva to form a substance which 
Wasps, in fact, are the original 
paper-makers; and Dr. L. O. Howard remarks that 
“It is quite within the possibilities that the paper- 
making idea in the human species was gained from 
the observation of these Their paper, how- 
ever, is made from wood-pulp—a late development in 
the scale of human ingenuity.” 

The communal life of social wasps, during the sum- 
In each nest 


nests 


is essentially paper. 


insects. 


mer, is not unlike that of the hive-bee, 
we find one fertile female—the foundress of the colony, 
and a daily increasing number of sterile females or 
“workers.” But whereas communities of hive-bees— 
thanks, mainly, to the habit of “swarming,” and to 
the great store of provisions which is accumulated in 
the nest for winter use—are able to continue indefi- 
nitely, those of social wasps endure only from spring to 
fall. 

Social wasps build their nests among the branches 
of shrubs and trees, in the cavities of decaying trunks, 
among the rafters of barns or outhouses, or in holes 
beneath the surface of the ground—the nesting habits 
being, as a rule, characteristic in the case of each 
species. Early in the year, one may often see large 
wasps searching for suitable nesting sites. These are 
all pregnant queens which have hibernated in sheltered 
nooks and crannies during the cold weather. Each is 
the prospective foundress of a new colony. Many of 
these lone queens are destroyed by birds and other in- 
sectivorous creatures. Many fall victims to inclemen- 
cies of the weather. But those that escape construct 
the small, stalked combs of brood cells which, by con- 
tinual additions, will grow into the great nests of 
summer, Within each cell the queen wasp lays an egg. 
When the eggs hatch, she goes abroad on foraging ex- 
peditions, and brings home burdens of food for her little 
family—sweet juices, it may be, or the soft tissues of 
newly slaughtered Thus nourished, her off- 
spring thrive, pass quickly through their transforma- 
tions, and emerge as fully developed worker wasps, ca- 
pable of assisting their queen-mother in her labors of 
building and foraging. Indeed ere many weeks have 
elapsed, the queen's power of paper-making fails, ow- 
ing to the exhaustion of her salivary glands, and she 
devotes herself exclusively to egg-laying. In this way 
the population of the nest grows rapidly, and the suc- 
cess of the community is assured. 

The venomous stings of social wasps, and the extreme 
irritability by which these insects are characterized, 
render the study of their economy no easy matter. 
Nevertheless, the exercise of tact and courage, and 
still more perhaps the ingenious methods which have 
been devised for keeping wasp colonies in glazed hives 
under constant observation, have laid bare the life- 
histories of many species. We know that the queen 
fixes her elongate, white egg to the side of the cell, and 
that when the tiny grub hatches it remains at first with 
its posterior extremity attached to the egg-shell, moving 
upon this pivot, and craning its head towards the mouth 
of the cell to receive food from the workers. It is a 
peculiarity of social wasp architecture that the combs 
are suspended so that the openings of the cells point 
downwards. Thus, when the young grub changes its 
position—as it must soon do in order to profit by the 
full accommodation which the cell affords—it occasion- 
ally falis headlong from the cell, for it has only two 


insects. 





By Harold Bastin 


grasping organs, namely, its jaws and a kind of sucker 
foot at its tail-end. ‘These fallen grubs are rarely re- 
placed by the workers, but are carried out of the nest 
and left to die. But the lucky grub which succeeds in 
planting its sucker foot firmly against the roof of its 
cell soon grows so fat that it completely fills its cradle. 
It is regularly fed and groomed by its nurses, and 
when full-grown it spins a silken cap over the mouth 
of its cell and passes into the pupa state. The perfect 
wasp eventually breaks through the silken cap, and 
mingles with the adult population of the community. 
She remains in the nest for some days, however, before 
she ventures forth into the open to gather building 
Thereafter she devotes her energies chiefly 
to paper-making until, some three weeks later, her 
salivary glands are exhausted, when joins the 
ranks of the foragers and nurses. 

At the close of summer, a prosperous Vespa colony 
may number anything from several hundreds to many 
thousands of individuals. “In one large nest (writes 
Dr. Howard) I counted 1,135 cells, and since the worker 
cells are used two or three times in the summer, the 
colonies become very strong. This count was made 
with the large bald-faced hornet (Vespa maculata) but 
in some of the smaller wasps or yellow-jackets, like 
Vespa germanica, the cells are even more numerous. In 
one nest of the latter species, Mr. Marlatt tells me 
that he carefully estimated that it contained about 
fourteen thousand cells.” 

The nests built by all the species of Vespa are es- 
sentially alike in architecture. The small comb origi- 
nally constructed by the foundress queen is widened 
by the workers, and other combs are attached to it by 
strong paper peduncles. When it attains its full pro- 
portions, the nest may consist of seven combs, all pro- 
tected by a stout outer cover, the whole structure 
hanging from a branch, root or other suitable sup- 
port—for social wasps invariably suspend their nests, 
never building upwards from a solid foundation. The 
outer cover of the nest always appears smooth and 
complete for as the wasps enlarge the combs by adding 
cells to their edges, they cut away the inner layers of 
the envelop, and continyally add more material from 
without. Access to the interior of the nest is gained 
through a small hole at its lower extremity. In the 
case of subterranean nests, the worker wasps are con- 
stantly occupied in enlarging the cavity in which the 
nest is suspended from the root of some plant. Small 
particles of earth and stone are carried out bodily, 
but pebbles and fragments which are too heavy for 
the insects to cope with are systematically undermined, 
and allowed to gravitate to the floor of the cavern. 
Large projecting corners of rock which can neither 
be removed nor displaced are perforce ignored, and 
these obstacles occasionally affect the symmetry of the 
nest, the normal shape of which is roughly spherical. 

As summer wanes, certain large cells are prepared by 
the workers, and in these the queen-mother deposits 
eggs which give issue to a brood of sexually complete 
individuals—drones or males, and young princesses or 
females. The amours and merrymaking of these royal 
personages keep the community in a whirl of joyous 
activity, for the advent of potential queens is not 
among wasps the signal for revolution, as is the case 
with bees. The prosperity of the nest seems to be una- 
bated; but the prescient observer is aware that the 
downfall of the great community will soon be accom- 
plished. As the chill grasp of approaching winter set- 
tles upon the land, the workers become enfeebled, and 
cease to tend their grubs or to roam abroad in search 
of food. Thus they die—die by tens, by hundreds, by 
thousands. The drones share the common fate after 
mating the young princesses. Only the latter survive 
destined as they are to found fresh colonies in the suc- 
ceeding year. As each seeks out her lonely winter 
hiding-place, she seems more like a wretched outcast 
than the royal foundress of a future kingdom. 

The best known social wasp in the United States is 
the bald-faced hornet to which reference has already 
been made. Its nests are commonly seen attached to 
the branches of trees. The larger Vespa crabro is 
really a native of Europe. It was accidentally im- 
ported many years ago and established itself in the 
vicinity of New York city. It has since spread and 
multiplied to some extent, but is by no means com- 
mon or widely distributed. It builds preferably in the 
hollow trunks of old trees, but sometimes resorts to 
the rafters of a barn or outhouse. The smaller yellow- 
jacket wasps (e. g. Vespa germanica and V. cuneata) 
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build in various situations, sometimes in subterranegg 
cavities, sometimes above ground, in the hollows of 
stumps or beneath stones. The nests of the /’olistes 
wasps are familiar objects in country barns, or ap 
tached to the twigs of bushes. They consist of « single 
comb, without a cover. The number of individuals fg 
the colony is always small, and these wasps oust be 
regarded as much less highly civilised than those of 
the genus Vespa. 

For the finest specimens of wasp architecture we 
must go to the tropics. Brazilian wasps of the genera 
Polybia, Chartergus, etc., build enormous nests, the 
outer covering of which is so thick and hard that it 
resembles pasteboard. The outer surface is so smooth 
that one may write upon it with ink and a fine pen, 
Such nests as these are very durable, and there is reg. 
son for thinking that in some instances the colonies 
which inhabit them may persist for more than one 
season. It is said, too, that some of these tropical 
social wasps store nectar in their abodes after the 
manner of bees. 

From the agriculturist’s point of view, the most im 
portant item of knowledge concerning wasps is how best 
to destroy them. Social wasps do some good to man 
by capturing and killing noxious insects, but the benefit 
which they thus confer is more than counterbalanced 
by the enormous damage which they accomplish in plan- 
tations and orchards. The large underground colonies 
may be exterminated by pouring in a little bisulphide 
of carbon, and stopping the entrance hole with a sod; 
the nests which are suspended in trees and bushes may 
be easily destroyed by drenching them with kerosene 
These operations should always be performed after 
dusk, when most of the wasps will be at home; other 
wise there is great danger of being stung. 


Scattering of Light by Air Molecules 

In a recent paper [Sci. Abs. 835 (1918)] Strat 
described experiments on the scattering of light by 
dust-free air. Wood, in 1902, carried out experiments 
practically identical as regards method and results 
with those of Strutt, but the results were found to 
be spurious. A spark was used as the source of light 
It was found that if the spark was stopped and the 
tube thoroughly washed out with purified air, abso 
lutely no trace of the cone of scattered light was vist 
ble on turning on the spark. In about ten seconds, 
however, a trace of the cone appeared, and after the 
spark has been in operation for a minute it was well 
developed. Interposition of a glass plate prevented the 
formation of the cone. This appeared to prove conc 
sively that the ultra-violet light caused a precipitation 
of something from the air, giving rise to a slight cloud. 
Using sulphuric acid instead of phosphorus pentoxide 
as a drying agent only made matters worse. Hence it 
is suggested that Strutt’s experiments should be re 
peated before the scattering of light by air molecules 
can be considered to have been demonstrated. If, using 
sunlight and a glass lens, the cone of light cannot be 
seen with the eye, it would show that Strutt’s results 
were due to a cloud resulting from the activn of the 
ultra-violet rays on the air.—Note in Sci. Absts. on@ 
paper by R. W. Wood in Phil. Mag. 


The Nitrogen Content of Oxidized Coals 

THE percentage of nitrogen in coal varies from 07 
to 2.5%. The author confirms the view of H. Fayol that 
the main effect of the action of air on coal is to oxidise 
and dehydrogenate the organic matter, with formation 
of humic matters. Analyses were made of eight samples 
of Decazeville coals which heat up readily under the 
action of oxygen and ignite spontaneously. The spec 
mens were taken at the outcrop at Combes in the vicih 
ity of an interstratification of sandstone, where coals 
with various degrees of oxidation are formed, from 
those of 8,000 cals. and 36% of volatile matter to 5,200 
cals. and 52% of volatile matter. Calculated on the 
pure coal substance the carbon ranged from 81.4% 
64.9%, the hydrogen from 5.3% to 3.0%, the itroge® 
from 1.7% to 2.5%, the oxygen and sulphur (by differ 
ence) from 11.6% to 29.6%. The percentage of humic 
matter in the raw coal increased from 0.5% to 70%- 
Allowing for ash and water, the proportion of 1itroge® 
is very little altered except in the coals greatly de 
composed and almost completely transformed to humi¢ 
matter, in which case the nitrogen content appears t 
increase, approaching the figure met with in ordinary 
vegetable humic matter.—Note in Jour. Soc. Chem. Ind. 
on @ paper by P. Mahler in Comptes. rend. 
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Hibernating Queen Wasp 
ing wood fiber (for nest making) from a fence. 
nified). Young wasps escaping from their cells. 
supports, etc. 
of workers repairing outer cover. 
sash. A wasp nest cut from a tree in Brazil. 
ical rains. 


(greatly magnified) 


Effect of Pressure Variation in Forming Dust- 
pressed Tiles 

THe chief defects in dust-pressed tiles are due to un- 
equal distribution of the pressure, to insufficient pres- 
sure, or, rarely, to excessive pressure. Tiles with high 
Porosity and shrinkage have not been pressed sufli- 
ciently. Tiles which have been subjected to excessive 
pressure have a low porosity and low shrinkage. The 
use of excessive pressure in manufacture may cause 
Vitrified tiles to blister or swell and glazed tiles to 
craze. The effect of pressure on the shrinkage of the 
tiles is important. The minimum pressure likely to 
prove satisfactory is 1,000 lb. per sq. in.; 1,800 to 2,000 


Pupe of hornet (Vespa vulgaris). 
“Capped” cells of waspe (magnified). 
(Greatly magnified). 
Imaginary section through subterranean wasp’s nest showing (1) entrance to nest cavity. 
(4) Only entrance to nest proper. 
It is constructed of stout, paper-like material and has one entrance hole. 




















Captive wasp’s nest (for purposes of study). 


Queen, male and “worker” of a hornet. 
Part of fence showing numerous scrapings by fiber gathering wasps. 
Eggs of wasps laid in cells—half way down—by~ Queen (greatlymagnified). 
(2) Roots from which nest hangs. 
Insects come and go through tube leading to hole in window 

It is tough and strong as cardboard and withstands heavy trop- 


Grubs of hornet. (V. vulgaris). Queen wasp rasp- 
Wasp grubs in cells (mag- 
Combs of wasp's nest, showing 


(3) Galleries around nest for convenience 
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lb. per sq. in. is recommended as a satisfactory work- 
ing mean.—Trans. Am. Ceram. Soc. 


Behavior of Crystals in Liquid Air 

A PRELIMINARY account of experiments on the changes 
in physical properties which crystals undergo when 
immersed in liquid air is given by A. Johnsen, of Kiel, 
in the Centralblatt fiir Mineralogie und Geologie of 
August last. Hammer, cleavage, bending and scratch 
tests &c., were made. In the case of Iceland spar, the 
hammer test (to produce cleavage crystals by blows) 
failed; artificially-produced cracks spread further than 


at ordinary temperature; a steel needle could only be 
forced into the crystal with difficulty. Gypsum and 
most other crystals showed a greatly reduced plasticity ; 
there was little slipping of the crystals, but the con- 
choidal fracture was unchanged. Rock salt behaved 
similarly, but the cleavage power was not reduced. 
Crystals of metals—gold, silver, copper, &c.—also 
proved less plastic in liquid air; the blow merely flat- 
tened the crystals out, however, without breaking them. 
Muscovite (common potash mica) did not seem to mind 
the cold; thin and thick sheets could be bent as usually, 
and most tests gave the same results as at ordinary 
temperature. 
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Spark Gaps 
Suggestions Concerning the Construction and Use of the Plugs 
I cer repeated enquiries with regard to the setting electrical discharge, what be the shape or the number covered the interesting fact that, under certain cond- 


of sparking plug electrodes. Need a gauge be used 
and if so, ought it to be a precision gauge or will 


Do small varia- 


the thum-nail or a post-card suffice? 


tions in the setting of the electrodes produce serious 
changes in the efficiency of the engine? Does the ma 
terial or shape of the electrodes matter, or the number 
of sparking points? Some good makes of plug have 
a single gap, others two, some three, and still others 
And why is it that in no 


For it is 


have a multiplicity of gaps 
make of plug spherical electrodes are found? 
well known that when, in practical electrical testing, 
voltages are measured in terms of sparking distance, the 
form of electrode which alone gives consistent results is 
the spherical form. 

The question also is raised of the action of the 
auxiliary gap sometimes put in series with the spark- 
ing plug, outside the engine. The use of such a gap 
has been recommended for engines inclined to soot up. 
What is the principle of their action and are they 
worth while? 

I cannot pretend to answer, completely, all these 
questions, but I will try to make some useful sugges- 
tions, 


The object of th 
been known for centuries that an electrical discharge 


sparking plug.—Although it has 
suffices to ignite an explosive mixture, it is not known 
even today in what the process of ignition really con 
sists. It is claimed that an actual spark is not es 
sential. An electrical discharge there certainly must 
be—a discharge which gives energy to the space be 
tween the electrodes—though, possibly, it need not be 
the ordinary fiery form of spark. 

To produce the discharge a considerable difference 
produced between the 


of electrical pressure must be 


electrodes. Some amount of discharge always occurs 


between any pair of electrodes however great may 
be their distance apart, provided there is a difference 
of electrical pressure between them, but the amount 
of energy involved in the discharge only becomes im- 
portant when either the distance between the electrodes 
is small or the electrical pressure great 

The shape of the clectrodes 


though an imperfect 


There is, I think, an 
analogy, one, between the ques- 
tions, What 


a sheet of metal—say lead, and, What electrical force 


mechanical force is required to puncture 


is required to puncture a layer of insulating material, 


say air. Using a very sharp pointed punch a small 


force will puncture a sheet of lead—for the pressure 
per square inch at the tip of the punch will be enor- 
mous though the total force be small. Similarly, using 


sewing needles as electrodes a comparatively small 


electromotive force will puncture a layer of air—for 
(the gradient”) 


close to the needle points may be enormous though the 


the intensity of pressure “potential 


electromotive force may be comparatively small. But 
for a lead plate of fair thickness the force to drive 
the punch right through would be practically the same 
whether the punch were very 
blunt. 


sharp or comparatively 


And, similarly, for a layer of air of fair thick- 
ness the electromotive force to drive a discharge right 
through would not be greatly different whether very 
sharp needles were used or blunt ones, 
maintain electrodes in a 


sharp state, nor is it worth while to attempt it. The 


It is not practicable to 


discharge always melts or burns the tips of the elec- 
trodes, and though this burning may produce a round- 
ing-off effect, it at the same time leaves little globules 


of metal which act as fairly sharp points and so aid 


the process of discharge. There is no advantage in 


using spherical electrodes. The electrical pressure re- 


quired to produce a spark between such electrodes 


would be greater than for sharp or irregular points, 


and any advantage which might be claimed on the 
score of definiteness of sparking voltage would be lost 
on account of 


The 


measurement of 


unavuidable roughness due to burning. 


spherical electrodes used in practice for the 


high voltages are several inches in 
diameter and they are used only when the voltages to 
be measured are great enough to spark across 4 milli- 


Care 


metres or more s used to keep their opposed 


surfaces smooth, but even when some burning occurs 


the roughness produced has a negligible effect upon 
the general proportions of the system, 

It is not practicable to use large electrodes inside the 
cylinder of an 


engine, nor yet to produce and dis- 


tribute the ignition current at such a high voltage as 
would demand 4 millimetres between the electrodes. 


It matters very little, from the point of view of the 


*From The Auto, 





It is highly important however, that 
the electrodes should be so shaped and placed that 
they readily carry away heat otherwise they will become 
They must not be long 


of the electrodes. 


red hot and cause pre-ignition. 
and thin. 

The material of the -Provided the mate- 
rial conducts both electricity and heat well, does not 
readily soften, burn, or oxidise, it seems unlikely that 
Possibly, however, 


electrodes. 


its nature is of much importance. 
the use of one of those alloys containing copper and 
tend to pre- 
The idea 
underlying the action of nonarcing alloys is said to be 


zinc, known as non-arcing alloys, might 
vent excessive formation of metallic globules. 
this: A discharge between copper electrodes prodices 

A discharge 
Hence the use 


globules of copper forming protuberances, 
between zine electrodes forms cavities. 
of a copper-zine alloy minimises the production either of 
globules or of cavities. 

The setting of the electrodes.—It seems to me that 
both practice and theory point to the comparative un- 
importance of the precise length of the spark-gap, and 
that provided ordinary degrees of compression are 
used and magnetos of ordinary construction and rating 
the thumb-nail, or a post-card, or even judgment by 
eye are quite as good as precision gauges. The makers 
often recommend that the electrodes be set to a half- 
millimetre gap. Some makers send out gauges and lay 
stress upon the importance of precision, but the great 
majority provide no gauges. And I should be surprised 
to learn that any large percentage of motorists ever 
use a gauge at all. 

A little experience proves that a gap smaller than 
half a millimetre (about one-fiftieth of an inch) would 
be impracticable because of the readiness with which 


it would become bridged or clogged. How much 
greater than this practical minimum the gap may 
be made, depends on the electrical pressure (the 


voltage) available. This depends upon the design of 
the magneto and upon the speed at which the magneto 
is driven. 

The lowest speed usually occurs when starting and a 
gap which is not too long for the spark to pass when 
starting is unlikely to be too long for other conditions 
of running. It is difficult to obtain reliable data as to 
the voltage of standard magnetos, but I have good 
reason for saying that such magnetos give, at the mo- 
ment of break at the contact maker, some 4,000 volts 
across the sparking plug, for a speed of only 50 or 60 
r.p.m., which rises to an available 8,000 volts at 100 
r.p.m., and over 10,000 volts at 1,500 to 1,800 r.p.m. 

Sparking voltages required in air—Experiment has 
shown that the voltage required to spark across a given 
gap in air, is approximately proportional to the pressure 
of the air, so that, for instance, a gap which might 
require only 800 volts at ordinary atmospheric pres- 
sure (15 lbs. per square inch) would require 4,800 volts 
if the air pressure were six times as great. 
electrode and 
other conditions difficult to specify, the sparking volt- 


Depending upon the shape of the 


age in air at 15 lbs. per square inch pressure may be 
taken as in the region of 1,000 to 2,000 volts per milli- 
metre (the lower figure of 1,000 volts referring to sharp 
needle points) for voltages up to some 10,000 volts. 
Hence, at 15 lbs. per square inch, a half-millimetre 
gap requires about 500 to 1,000 volts or at 90 Ibs. per 
square inch (a fairly high value for the compression 
pressure inside a cylinder) about 3,000 to 6,000 volts. 
Sparking dis- 
tances in oxygen, carbon dioxide, nitrogen and hydro- 
gen, and, so, probably in the explosive mixtures ordi- 
narily used, are approximately the same as for air. 


Sparking in the explosive mizxture.- 


The safety spark gap, which is in parallel with the 
sparking plug, is seldom set to spark with less than 
11,000 volts, and as the magneto will usually give 
10,000 volts at 100 r.p.m., we may regard 10,000 volts 
as available under all ordinary conditions of running. 
This would bridge a gap of from 5 to 10 millimetres at 
ordinary pressure and therefore from 1 to 2 millimetres 
within the compressed mixture. 

We may conclude, therefore, that for satisfactory 
running the gap should be from one-half to one milli- 
metre—a very considerable latitude. 

To ensure ease of starting, however, it is well to 
keep close to the minimum allowable gap of half a 
millimetre. 

The auviliary series gap—I have not been able to 
obtain reliable information as to the advantages or 
disadvantages of the auxiliary series gap. Some fifteen 
years ago, in making high voltage experiments, I dis- 





tions, the insertion of a short air-gap (actually it wag 


about half a millimetre) in series with the m:in gap 
(which in this case was a long one of about four inches) 
greatly reduced the voltage required to spark across the 
main gap. The idea at once occurred to me of «plying 
the principle to sparking plug circuits, but, on iquiry, 
I found the auxiliary series gap had already |wen jp- 


vented and was in use. ’ 
I had to conclude, however, that the effect I had 
was not the same as that of the spark 
In the latter it cannot definitely he said 


discovered 
plug circuit. 


that the voltage required overall to set up spark 
at the plug electrodes is reduced by the presence of the 
auxiliary gap. The effect upon this voliage is, if any- 


thing, usually in the other direction. 

The only explanation I have to offer as to the effee 
tiveness of an auxiliary gap—a very tentative explana- 
tion—is the following: In the absence of such a gap 
the sooting up of the plug electrodes will short circuit 
the high pressure winding of the magneto. The effect of 
this short circuited winding will be to deprive the pri- 
mary winding of much of the magnetic flux from the 
magnets, and so reduce the primary current during 
the period when the contact maker of the magneto is 
closed. On “break,” therefore, the electro-motive force 
induced in the high pressure winding and tending to 
force current through the sooted gap is small, and this 
current rush is not sufficient to burn out the soot and 
so to clear the gap. The presence of an auxiliary gap 
prevents the short circuit current from passing in the 
high pressure winding when the plug is sooted up, and 
so prevents the reduction of flux. 
“break” a high voltage will be produced in the high 
pressure winding and this may be great enough to send 
such a current as will suffice to burn out the soot. 

If I am right in concluding that the advantages of 
the series gap are in any case doubtful and at best 
apply only to an over-lubricated engine, the obvious ad- 
vice is to attend to the lubrication and have nothing to 
do with the auxiliary gap. 

One or two final suggestions.—In addition to the set- 
ting of the plug gap, there is the setting of the gap 
of the contact breaker which rotates with the arma- 
ture of the magneto. 

A good deal of important mystery is often made 
about this. It is stated that the break must be set by 
gauge to the precise value specified by the makers, yet 


Consequently, on 


never is any reason given for this instruction. The 
object of the contact breaker is to break the current in 
the low voltage winding of the magneto, and one nat- 
urally wonders why, so long as the contacts actually 
do come open, the precise amount of the opening can 
matter. It does matter, however, a great deal. It 
matters directly because at high speeds, if the break be 
set too short, the length of time during which the 
contact is open will be insufficient to allow the spark, 
which in spite of the condenser, is set up between the 
contacts, to die out. A spark is a conductor, and the 
circuit is not broken until the spark has died out. And 
it matters indirectly because of its effect upon the 
timing of the ignition. During rotation the rubbing end 
of the contact arm is moved gradually, as it follows the 
contour of the cap whose movement by the timing 
lever determines the exact moment of break. The 
moment at which the contact arm first strikes the 
contour of the timing cap, is different for different set- 
tings of the length of “break,” and so, unless allow- 
ance be made in the use of the timing lever, any inac 
curacy in the length of the break will produce inaccu- 
racy in the timing, and with fixed ignition there will be 
no means of rectifying the fault. 

Many plugs that fail, do so because of 
insulating material. An insidious trouble sometimes 
difficult to trace is that the glazed surface of some sorts 
of porcelain becomes an electrical conductor after 4 
period of use. In such cases a metallic streak can be 
observed upon the surface of the porcelain, forming a0 
alternative path between the sparking points. 

Sometimes, even in the case of a well-designed plug, 
unless care is used in keeping the central electrode 
well screwed up by the nut at the top of the porcelain, 
the affixing of the lead will cause this electrode to Tro 
tate and, perhaps, to short circuit the gap. On wr 
screwing the lead again anl removing the plug for in 
spection the trouble will go unobserved as the electrode 
will again have become central. 

In case, then, of persistent trouble, it is better to 
change the magneto rather to try an endless succession 
of new sparking plugs. 
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The Colloidal Membrane’ 


Its Properties and Its Function in the Osmotic System 
By Frank Tinker, D.Sc. (Univ. of Birmingham) 


, recent years the thermodynamic theory of 


mm 
Swat ius undergone considerable development at the 
hands several mathematicians and physicists, who 
have shown that the osmotic pressure of a solution is 
a somewhat complex function of such diverse factors 
as the \:.por pressures, specific volumes, coefficients of 


compressibility, heats of dilutions, ete., of both the 
solution itself and of the pure solvent also. (See, for 
instance, the work of Porter, Trevor, G. N. Lewis, Ban- 
croft, Van Laar, and others.) On the other hand the 
kinetic side of the subject has remained more or less 
stationury, the majority of the theories purporting to 
explain the mechanism of osmosis having little to say 
with respect to how and why osmotic pressure is de- 
pendent on almost all the other physical properties of 
solutions. Inasmuch as the subject is evidently too com- 
plicated for a priori hypotheses, it seems desirable that 
we should study exhaustively all the parts which go to 
make up an osmotic system. More particularly, in ad- 
dition to considering the properties of the pure solvent 
and solution themselves, we should include the mem- 
brane—its structure, properties, and behavior to the 
solvent and solute respectively ; and the conditions gov- 
erning osmotic diffusion across it. 

The common collvidal membranes of the copper-ferro- 
cyanide type are built up by the aggregation of small 
colloidal particles ranging in diameter from 50 to 400 yz, 
(Tinker, Proc. Roy. Soc., A, 1916, xcil., 357). The inter- 
stices between these particles form the pores of the mem- 
brane, the average capillary diameter being of the order 
of from 10 to 20 yz. Although the pore diameter is 
relatively great as compared with the diameter of the 
ordinary crystalloidal molecule, it is small enough 
for the whole of each capillary to be entirely under the 
influence of surface phenomena; and when osmotic 
flow takes place, say from a pure solvent to a solution, 
the mvisture which diffuses is temporarily in the ad- 
sorbed or superficially condensed condition for such 
time as it is in contact with the membrane. Moreover, 
the adsorption effects shown by colloidal membranes 
are selective in nature; a copper-ferrocyanide film, 
for instance, taking up water rather than cane-sugar 
from aqueous solutions of the latter (Tinker, Proc. 
Roy. Soc., A, 1917, contemporary number), thus ex- 
plaining why this membrane is permeable to water but 
not to sugar. If the membrane is of a neutral nature, 
as is the case with the inner sheath of the skins inclos- 
ing barley seeds, its behavior to the solute follows 
closely the lines laid down by the well-known Gibbs- 
Thomson rule. The vegetable membrane just indicated 
adsorbs and is highly permeable to solutes such as 
phenols, amines, and fatty acids, which gives solutions 
having a low surface tension; whilst, on the other hand, 
it is impermeable to the sugars, polyhydric alcohols, 
most inorganic salts, and other solutes whose solutions 
have high surface tensions (A. J. Brown and F. Tinker, 
Proc. Roy. Soc., B, 1916, 1xxxix., 373; the general os- 
motic properties of barley seeds have been discovered 
and studied by Prof. A. J. Brown). Evidently the 
property of selective permeability which such mem- 
branes possess is a direct consequence of the selective 
adsorption effects shown by the colloidal particles com- 
posing the membrane. 

With regard to the cause for osmotic flow, the fact of 
fundamental importance is that a colloid usually absorbs 
more moisture from pure water than it does from an 
aqueous solution. Whereas for example, 100 grms. of 
dry colloidal copper-ferrocyanide imbibes about 30 grms. 
of moisture from pure water, the same amount of col- 
loid takes up only 13 or 14 grms. of moisture from a 60 
per cent. sugar solution (Tinker, Proc. Roy. Soc., A, 
contemporary number), An immediate deduction from 
this fact is that the side of a membrane in contact with 
4 pure solvent has a greater moisture content than the 
side adjacent to a solution. Consequently diffusion of 
the solvent from one side of the membrane to the other 
takes place of necessity, owing to the impossibility of 
establishing epuilibrium when the moisture content of 
the colloid is not uniform throughout. In other words, 
osmotic flow takes place because the pure solvent in- 
duces a greater pressure and concentration of moisture 
insidle the membrane than the solution does. To pre- 
vent osmotie diffusion, a hydrostatic pressure must be 
applied to the solution. VProvided the pressure is placed 
on the solution only and not on the membrane as well, 
the application of the pressure increases the amount of 





- ontribution to a General Discussion on ‘Osmotic Pres- 
Sure,” held by the Faraday Society. 
Chemical News. 
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moisture taken up by that part of the colloid in contact 
with the solution and when a hydrostatic pressure equal 
to the osmotic pressure is placed on the solution, the 
moisture pressure and concentration throughout the 
membrane becomes uniform, osmotic flow then ceas- 
ing. (Some unpublished work by Prof. A. J. Brown 
and myself indicates that if the pressure is placed 
on the membrane as well as on the solution, the 
amount of moisture taken up by the colloid does not 
increase.) In many respects osmotic diffusion is thus 
very similar in nature to the process of vapor distilla- 
tion. As is well known, the vapor pressure and con- 
centration is usually greater above the pure solvent 
than it is above the solution. Application of a hydro- 
static pressure to a solution raises its vapor pressure, 
and when the applied pressure is equal to the osmotic 
pressure, the vapor pressures of the pure solvent and 
solution become equal to one another, the vapor distil- 
lation no longer proceeding in consequence (Sir J. J. 
Thomson, “Application in Dynamics,” p. 171; A. W. 
Porter, Proc. Roy. Soc., A, 1907, Ixxix, 319). But al- 
though the two processes of osmotic flow and vapor 
distillation are essentially similar in character—both 
being diffusion phenomena—they are by no means iden- 
tical. (A further important similarity is brought out 
when we consider the high temperature coefficient of 
the rate at which osmotic diffusion takes place—Earl 
of Berkeley and E. G. J. Hartley, Proc. Roy. Soc., A, 
1909, Ixxxii., 271; it is highly probable that the rate of 
osmotic diffusion is an exponential function of the tem- 
perature having almost the same exponential constant 
as the ordinary vapor pressure-temperature curves). 
In particular, the moisture inside the pores of a mem- 
brane is in a very much more concentrated condition 
than it is inside the vapor phase proper, owing to the 
fact that it is condensed on the surface of the colloidal 
particles composing the membrane. In the case of 
water the membrane concentration would appear to be 
about 20,000 times as great as the concentration of 
water vapor proper. 

The analogy just indicated is, however, a very use- 
ful one. By means of it we can arrive at the reason 
for many of the anomalies met with in the phenomena 
of osmotic flow and osmotic pressure. The above justi- 
fication of its use indicates that, for purposes of dis- 
cussion and mathematical treatment, we can replace 
the actual membrane by a vacuum; except, of course, 
when considering those quantities, such as the rate 
of osmotic flow, whose magnitude is determined wholly 
or in part by the actual nature of the membrane—that 
is, we can regard a vacuum as a particular kind of 
membrane (impermeable, of course, to non-volatile so- 
lutes, but permeable to volatile ones), by the aid of 
which, on account of the relatively simple laws obeyed 
by vapors proper, we can arrive at the various factors 
governing the direction and power of osmotic flow, and 
the magnitude of the osmotic pressure which a particu- 
lar solution can generate. 

In this connection let us take first the case of osmotic 
flow between two solutions on which no external hydro- 
static pressures are imposed. The direction of osmotic 
diffusion will be from the solution which generates the 
greater vapor pressure (i. e., the greater partial vapor 
pressure of the solvent). Inasmuch as the vapor pres- 
sure of a solution depends partly on its concentration 
and partly on other factors, such as the volume change 
which the solvent undergoes during the process of dis- 
solving the solute in it, the heat of dilution, the for- 
mation of hydrates in certain cases, etc., all these fac- 
tors have a hand in determining the direction and 
power of osmotic flow. The main factor is usually the 
relative molecular concentrations of the two solutions; 
with the exception of heat of dilution, the effect on 
vapor pressure of the other factors is usually negligible; 
at least, this is so in the case of dilute and moderately 
strong solutions. If, however, we eliminate the con- 
centration factor by working with two solutions having 
equal molecular strengths on opposite sides of the 
membrane, the direction of flow will be towards the 
solution which has the greater heat of dilution, since 
a positive heat of dilution tends to make the vapor 
pressure of a solution abnormally low. (If, of course, 
both solutions are ideal, having zero heats of dilution 
and equal surface tensions, etc., there will be no os- 
motic flow between them, provided that they are 
equally strong molecularly). In addition, since a solu- 
tion which has a positive heat of dilution and abnor- 
mally low vapor pressure has also a high intrinsic 
pressure and surface tension, the direction of osmotic 


flow is likewise towards the solution which has the 
higher intrinsic pressure and surface tension. (F. 7. 
Worley has written un excellent experimental paper on 
the relation between surface tension and vapor pressure 
—Journ. Chem. Soc., 1014, i., p. 273. In this connection 
see ulso a paper by myself—/’Ail. MJay., September, 
1916). Herein comes the application of Traube's sur- 
face tension theory of osmosis. When limited as above 
to the case of osmotic tlow between two solutions of 
approximately equal molecular strength, this theory Is 
of considerable value in predicting under what condl- 
tions osmotic flow will be abnormal. It will be seen, 
however, that the surface tension theory only comes 
in when we are dealing with uon-ideal solutions; never- 
theless its scope of application would appear to be very 
extensive, since most actual solutions deviute from 
Raoult’s law and are in consequence more or less non- 
ideal. An ideal solution is one whese vapor pres- 
sure is given-in terms of the vapor pressure of the 
pure solvent and its own concentration by Luoult's re- 
lation— P N 
vp "Nhe. +n 

Consider next the factors determining the magni- 
tude of the osmotic pressure of a solution. The central 
fact in this connection is the simultaneous increase of 
vapor pressure with the application of hydrostatic pres- 
sure. It is evident that we can detine the osmotic pres- 
sure as the hydrostatic pressure which, when applied 
to the solution, raises the vapor pressure of the latter 
up to that of the pure solvent. Taking this definition 
as a basis, it is quite a simple matter to deduce dl- 
rectly the well-known formula connecting osmotic pres- 
sure with vapor pressure, without resorting to the 
somewhat cumbrous method of the thermodynamic cycle. 
(1 gave such a deduction in the contemporary volume 
of the Phil. Mag., May, 1017). It would appear also 
that, for dilute and moderately strong solutions at any 
rate, all the abnormalities in osmotic pressure owe their 
origin to abnormalities in vapor pressure. (The vapor 
pressure of a solution is abnormal when it deviates 
from Raoult’s law; in the same way osmotic pressure 
is abnormal when it deviates from the value given by 
the expression for an ideal solution, viz. :— 


P— bp = RT hog € Nts * 


—cf. Findlay’s “Osmotic [Pressure,’ p. 31). Conse 
quently many of the factors which tend to upset the 
simplicity of the laws of osmotic diffusion tend also 
to make osmotic pressures abnormal. In particular, it 
is clear that, if the vapor pressure of a solution under 
atmospheric pressure is abnormally low, its osmotic 
pressure will be abnormally high; the difference be- 
tween its vapor pressure and that of the pure solvent, 
which has to be nullified by the application of a hy- 
drostatic pressure to the solution before osmotic equli- 
librium can be attained, is greater than Ravoult’s law 
would require it to be. Consequently also the osmotic 
pressure is unduly high when the solution has a positive 
heat of dilution, or when it has a high intrinsic pres- 
sure and surface tension. (Cf. Bancroft, Jour. Phys. 
Chem., 1906, x., 322). 

The problem as to techy the vapor pressure of a solu- 
tion, and indirectly, therefore, the osmotic pressure 
also, should be related to its concentration, heat of 
dilution, surface tension, etc., is a much more funda- 
mental and difficult one than the question just treated 
as to how these properties are related to one another. 
It will depend for its complete solution on the accumu- 
lation of much more knowledge appertaining to the 
liquid state than we possess at present. My personal 
opinion with regard to this question is that the change 
in vapor pressure which the process of solution entails 
is largely the result of simultaneous changes which 
are purely physical in nature. When a solute is added 
to a pure solvent, the internal or thermal pressure of 
the latter inside the liquid is generally diminished, on 
account of the increase in volume and “free space” 
which accompanies the addition of the solute. If the 
pressure of the solvent within the liquid phase is thus 
diminished by the process of solution, it will likewise 
be diminished in the vapor phase without the liquid. (TI 
treat ths problem more fully in a paper in the Phil. 
Mag., September, 1916, p. 205; a complete analysis of 
the problem of the effect of these physical factors on 
vapor pressure and osmotic pressure will appear In a 
future number of the same magazine). On the other 
hand, it would appear that chemical effects such as 
the formation of hydrates or solvates only cause dis- 
turbances in the magnitude of the vapor pressure. 
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A partly completed job of filling 





Tree Surgery 


Weak branches tied together with wire cables 


How Monarchs of the Forest Are Preserved Beyond Their Natural Life Spans 


Every frequenter of the public parks in any of our 


arge cities must have noticed big trees that have had 
‘their teeth filled” with huge plugs of cement, that 
falling limbs retained in their 


have had fallen or 


proper position by big metal bolts, or that have been 


n some other way saved from the consequences of 


accident or old age. As a matter of fact, however, 
the science of tree surgery is comparatively a new one, 
having come into being hardly more than ten years 
ago. In this brief time it is natural that it should 
have had much public attenton focussed upon it; for 
alike in town and in country, the destruction of our 
trees has proceeded to a point where a fine old speci- 
men is almost a noteworthy landmark, and certainly 
one whose preservation is bound to attract a good deal 
of interest As changing conditions deprive us of more 
and more of our trees, we realize the necessity of cling- 
ing to what is left of our original liberal supply of for 
est and single trees 


} 


So with all this has come the science and the busi 


ness and the profession of tree surgery—for nowadays 
no science is without its business and professional ae 


companiments, while few businesses and 


By F. A. Bartlett 


branches, we can hardly expect it to thrive, whatever 
else we may do for it. 

After we have trimmed off all supertluous top growth, 
it is necessary to pay attention to the roots of the tree. 
l’‘requently these will be partially exposed, as in one of 
our cuts; and in this event it is in order to trim away 
iny that have died, and to cover the rest with good soil, 
taking any necessary measures in the way of protection 
against wind and water to insure that it does not 
again blow off or wash out. Then it is found that the 
undergrowth of the tree is approximately equal in ex- 
tent to its overgrowth; so the entire area shaded by 
the tree should be examined with reference to its abil- 
ity to support plant growth. If found materially in 
fertile, this ground may fairly be charged with any 
troubles which the tree seems to have encountered in 
preserving its vigor; and proper fertilizing materials 
must be added. 

This, perhaps, is not so much tree surgery as it is tree 
medicine, since it possesses a certain analogy with the 
internal administration of drugs by the medical prac 
titioner. The next steps 


however, are those of tree 


surgery It is frequently the case that branches or 
stumps are so located as, in the first case, to interfere 
with one another, or, in the second, to prevent the tree 
from drawing the requisite amount of nourisliment 
from the ground or expanding over the full area which 
it should occupy. Such offending members must be op- 
erated upon no less than actually dead limbs. And of 
course, just as in human surgery we cannot hack a 
patient to pieces with a butcher knife and expect him 
to recover, so in tree surgery there are accepted tech 
niques and especially standard ways of covering the 
cuts made so that they will eventually heal over 

The bracing of the tree is the next item, and one 
calling for a good deal of general engineering skill 
Where there is danger of branches splitting apart. eye 
bolts may be inserted through the limbs and joined by 
means of cables. The latter are preferable to rigid 
bars, since they allow freedom for the natural sway 
and swing of the tree, while the bars would not but 
on the other hand, when it is a question of binding to 
gether two halves of the trunk, which should not nor 
mally move with reference to one another, the bars are 


used, and the same remark applies fe 





no professions can flourish save on an ul 
timate foundation of scientific knowledge 
As in all new fields in tree surgery there 
has been a great deal of attempted going 
forward without adequate technical prepa 
ration, while doubtless there has been 
more or less deliberate faking. The fakers 
and the rule-of-thumb tree surgeons are 
gradually becoming less, however: and the 
day is not far distant when they will be 
no more numerous here than in any other 
department of engineering—for indeed, 
when we have the business man and the 
professional man and the scientist work- 
ing together for a common end, we have 
what we may fairly recognize as an en- 
“gineering project. 

The various phases of tree surgery are 
well illustrated by the pictures presented 
herewith. The first operation that is per- 
formed upon any of the tree surgeon's 
patients is that of pruning. While not so 
spectacular in its ultimate showing as 
some of the other jobs which may be car- 


ried out afterwards, this one is by no 





means less necessary for unless we re- 





large branches. 

Old cavities are another thing that must 
be attended to—sometimes in connection 
with the bracing of a crack, as shown in 


one of our cuts, and sometimes as an 


isolated problem A tree which has any 
part of its interior exposed to the atinos 
phere is in the same situation as oth 


with a hole through which impurities and 


decay can penetrate to the soft part be 


neath the enamel: and just as in the case 
of the tooth the remedy lies in exc! ng 
these outside agents by means of an ap 
propriate filling, so with the tree the <u 
geon fills all cavities which constitut x 
posures. The analogy is further stre n 
ened by the fact that the tree surgeon 
imitates the dentist in cleaning the V 
ity thoroughly of all decayed mater d 
extraneous debris before he puts i! 8 


plug, actually cutting back until he « s 
to live, healthy tissues, which is ac 
precisely what the dentist has to do ! 
antiseptic coating to clinch the mati:r 
and prevent any possibility of <lecay p 








lieve the tree of the burden of dead 


Bad exposure of roots calling for much new soil 


sisting and spreading follows, and 
the surgeon is ready to put in his cet 
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filling large fills, the concrete is reinforced by Koehler, I repeated an earlier experiment relating to orange jar did not exhibit results comparable to the 
meal wire; and in all cases it is made to adhere’ the influence of colors upon butterflies. A number of preceding: ‘The caterpillars were first placed in the 
hetter the inner surface of the cavity by means of Vanessa caterpillars of the small tortoise shell va- violet jar for eleven days, and, beginning on the 27th of 
nails h appear clearly in one of our photographs. riety were placed in cages covered with paper and May, they were set aside; it required twenty days to 
In Vv rge fills, it is found advisable to put in the gauze of different colors; five jars were prepared produce the nymphal condition. 
one! sections, so as to permit a certain amount black, violet, blue, orange and red. Clearly, therefore, the violet rays exert an influence 
of sw der approximately natural conditions; other- The insects exhibited different reactions according to upon the development: they accelerate the transforma 
wise vould be set up stresses which would event- the radiations to which they were subjected. The cater- tion when the caterpillars are strong enough to sup- 
rally n the filling. pillars in the violet jar died in large numbers; they port these radiations, the same results were obtained 
Whe ling is properly done, the tree shows a ten were very much agitated and only a few of them ar- with respect to the dates of the opening of the cocoons ; 
ney spread across the joint between wood and rived at the nymphal stage. The mortality in the blue those in the violet jars were the most rapid, those in 
cone! overing this joint with bark. Of course it the blue jars came next, while those in the red jars 
is not sible for the tree completely to grow around opened last of all; the orange jar gave very different 
sucl e fills as those we illustrate; but where the results. 
avity mall, it is not at all unusual to have the bark The buttertlies exhibited both general differences and 
nite r it But in any event, the rolling of the differences of detail. Those subjected to the action of 
bark the edges of the fill creates in a very few the red or orange rays were of smaller size than those 
years iter-tight joint through which it is impossi which had inhabited the blue or violet jars; we may 
ble f cuy to get a footing. conclude, therefore, considering the different sizes of 


labanuco Gum or Porto Rican Elemi 


Eu s the local and trade name of a fragrant gum 


resil ned from a number of trees chiefly of the 
wyrrl lily of plants. The plant yielding the Porto 
Rica! mi is known botanically as Dacryodes hezr- 
mdr | is locally called Tabanuco. While the tree 
oceul number of the islands of the Lesser An 
tilles ppears to find its best development in the hills 
it the stern end of Porto Rico. It produces the best 
imber the island and is at the same time the most 
ibune tree reaching as much as five feet in diame- 
ter and attaining a height of 50 feet to the first branch 

Ihe irk is very clean and smooth containing an im 
1eL St ount of gum for which there appears to be no 
particular use now except locally for torches. When 
the | s cul through with a machete an enormous 
qual so-culled gum exudes and runs down the 
runk rhis is true not only of trees standing in the 
forests ut also of trunks that have been felled for 
some days. If the bark is still greén and has not been 
ffect long exposure to the sun, wind and rain, the 
gum egin to flow freely when the bark is hacked. 


rhe gum is collected and used locally for incense and 


for torches and for this reason the tree is often called 
candlewood. The method of tapping is the same as that 
used r gathering the gum from rubber trees, which 
consis of hacking two slanting cuts forming a Y- 
shaper ound in the bark. The gum runs down the 
trunks d, when it is to be used for torches, is col- 
lected inasses on a central stick and held in place 
y wrappers formed by the leaf sheaths of the Royal 
palm rhe volatile oil gradually evaporates, leaving a 
solid resinous mass and forming an excellent candle 


ised extensively by the natives. 


When the gum is desired for incense or for other 


purposes greater care is taken in collecting it It is 














An unusually large filler of concrete showing 
how the bark rolls over the edges to 
make a water-tight joint 


jars was also considerable but a larger number of the 
little 
orange and the red jars and the larvae easily became 


caterpillars resisted. There was loss in the 


accustomed to the new environment. 
The first effect observed under the influence of dif- 


ferent colors consisted in the rapidity with which the 


caterpillars developed up to the nymphal stage; a first 


group of caterpillars which were already adult was 
subjected to the action of the red and of the violet 
rays; the first, which were put in the jars, May 16th, 


underwent transformation on May 24th and opened be- 
tween the 15th and 25th of June; the caterpillars of 


the second group entered the nymphal stage May 19th 
and began to open June 11th. An experiment was 
begun with a second group all of the same age, and 


the wings, that the blue and the violet rays acceler 


ate or intensify the oxidations which occur in the larval 


or nymphal periods. The specimens from the violet jar 


also display much more intense and vivid coloring, an 


intensity which gradually decreases as we pass to 


wards the red. These differences are all particularly 


noticeable upon the lower wings. 
With detail 


size and shape of the spots may 


respect’ to numerous variations in the 


be observed; the col 


ors are more distinctly defined in the groups from the 


violet jars and among these also the black spots are 


regularly bordered with yellow or with red; the violet 


luvules or crescent-shaped markings on the edges of 


the wings 


are no longer of a pure blue color, but pass 


through all the shades of violet; the bands of the 


wings ure also very marked in this group, but become 
gradually less pronounced as we pass to the blue, to the 
orange and to the red, becoming indistinct in the latter. 


Production in the Sea 


A HIGHLY interesting report by Dr. C. G, J, Petersen 
describes the methods and results of recent work on the 
evaluation of the bottom fauna and flora of the sea in 
the Kattegat, Limfjord, and elsewhere. Abandoning the 
use of the dredge, as affording misleading ideas of the 
abundance of life on the bottom, the author invented 
his “bottom-samplers,” which are that can 
lift up a 


animals and plants. 


upparatus 
contained 
lifted 


square metre, the smaller 


sample of the sea-floor with its 


The area of bottom varies 


between O.1 and 1 ipparatus 


being used at the greater depths. By a process of 


wishing, the organisins are removed, counted, and 


weighed. The plates represent typical results, all the 


rganisms found being drawn, in actual size, on paper 


1%, square metre in area, which is then reduced to 2/5 

in. linear. 
Often the 

mass of sulphurous mud,” and if 


bottom consists of a “black, 


was difficult to imag 


malodorous 





generally put up in a semi-fluid state of 

yellowish color depending upon the 
vlad purity of the gum Its chief 
Is he region of its growth is as a 
stimu ointment for indolent ulcers, 
but the regular medical practitioners sel 
fiom prescribe it. It is generally found 
iboard sailing ships in trepical America 

rhe gum is more largely employed in 
the arts and it is believed that after it 


hecomes better known in this country a 


xood use can be made of it in the manu 


facture of varnishes, soaps, felting, and 


especi vy in the making of printers’ ink 
for which its honey-like consistence and 
idhesive character are peculiarly use 
ful il ever, a series of experiments 
vill | cessary in order to determine 
Its re; tlhue. According to the Proceed 
gS of the Chemical Society, Vol. XY., 
No ] pp. 150-151, the tabanuco oleo 
‘SIT ntains an essential oil, a resin 
nd rystalline substance, C,, H, 90, 
meting point at 166-167° C., which ap- 
pears 0” an alcohol. 


The Influence of Colorson Butterflies 








ine that animals could utilise this as 
food. Sampling this by means of a 
glass tube thrust down into it, it was, 


however, seen that there was a thin sur 
face layer of quite different composition, 
grey or brown in color, and charged with 


vegetable remains Qysters and other 


bivalves and demersal worms do not feed 
on the black mud or on the plankton in 
the water, but “literally stuff themselves 
with this fine detritus.” 


upper layer of 


‘The great bulk of the bottom animals 


ure, and must necessarily be, herbiver 
ous.” They mostly burrow in the mud, 
but a large number are attached to solid 


objects, stones, shells. These con 


and 
stitute the bottom epifauna 
The bottom 


fauna in general may be 


divided up into “communities,” each 


characterised by one or 
nant 


more predomi 


forms: thus the author describes 


the bottom in the deeper parts of the 


Kattegat as inhabited by communities of 
Imphilopis pecten, Brissopsis sarsii, B 


chiajci, and Hehinocordatum filiformis, 


the typical forms present in each case 





being indicated by the systematic names 





Som! 


ighly interesting experiments 
‘arrie: ut by the Swiss scientist, Mr 
J. 1% az, and his assistant, Mlle. 
Koel ndicate that the development of butterflies is 
marke ffected by exposure to light of different col- 
Ors, session of the Bauroise Society, the natural- 
st d the results of his investigations as follows: 
It vell known fact that conditions of nutrition 
exert rked effect upon the development of insects; 
physi actors such as differences of temperature 
gy ery perceptibly the colors of the wings of cer- 
tain , 


ps of insects 


With the assistance of Mlle. 


Preparing the concrete and laying the first sections of a 
good-sized fill 


very young, on May 17th. Those in the red jar began 
to undergo transformation June 15th, but some of them 
retained their larval state until June 28th. Those in 
the blue jar followed the course of the first exactly. 
Those in the violet jar were all in the nymphal stage 
by June 14th. 
in the red jars and the blue jars required a maximum 
time of forty-three days, while the latter entered the 
nymphal stage at the end of twenty-eight days. The 


We see, therefore, that the specimens 


The survey being a quantitative one, 


an attempt is made at an actual esti- 

mate of the aggregate mass of life in the 
Kattegat. about 4,000,000 tons of 
Zostera, 50,000 tons of plaice, 6,000 tons of cod, 7,000 
tons of herrings, 25,000 tons of starfishes, 50,000 tons of 
predatory Crustacea and Gastropods, ete. 


No attempt 


whole There are 


is made to compare density of life on 
sea-bottom and land. “Strange as it may seem,” says 
the author, exist any 
animal communities on land based upon quantitative in 
vestigations of the commoner species.”—Nature. 


“there does not survey of the 
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Balanced Rations from Restricted Sources 


Their Physiological Effect on Growth and Reproduction 
By E. B. Hart, E. V. McCollum, H. Steenbock and G. 


Our early work’ on the nutrition of herbivora with 
restricted rations demonstrated clearly the inadequacy 
of the accepted theory as to what constitutes a bal- 
anced or complete ration. Up to that time total pro- 
ein—without reference to quality—energy, and ash 
materials were considered the essentials of a ration. 
The latter, however, occupied no position in the mathe- 
matical expression of the standards developed. The 
standards have been stated only in terms of total di- 
gestible protein and energy It is, however, probably 
true that in a practical sense, and with the generally 
accepted knowledge of the quality of materials accu- 
mulated from a long and varied experience, that such 
standards have had and will continue to have very 
great value; but their limitations are also made evi- 
dent by this earlier work and are emphasized by what 
we have since done. Within the past few years our 
knowledge*® of the essentials of a ration have ex- 
panded and today we would consider a ration complete 
and efficient only when it contained protein of ade 
quate quantity and quality, adequate energy, ash ma- 
terials in proper quantity and proportion and two fac- 
tors of unknown constitution (vitamines), designated 
from this laboratory’ fat soluble A and water soluble B. 

In addition to the above normal factors there may be 
introduced with natural food-stuffs the important factor 
of toxicity... This can be wholly absent or so mild in 
its effects as to be entirely obscured when the other 
essentials of a ration are at an optimum adjustment; 
or with fair adjustment it may only reveal its effects 
when the ration is continued over a very long time and 
the animal involved in the extra strains of reproduc- 
tion and milk secretion. This resistance to toxicity is 
very materially increased through a proper adjustment 
of the normal factors of nutrition. 

With this recognition of all the normal factors for 
adequate nutrition there must not simultaneously arise 
a desire for a mathematical expression of these factors 
in feeding standards. It is doubtful if this can ever 
be done, at least for certain of them. For example, the 
role of the mineral nutrients is so varied, including 
such widely separate functions as construction and 
control through antagonism as to make it seem futile to 
attempt an expression of absolute requirements when 
natural foods, with their diversity of mineral content, 
are involved. Even the recognition of differences in the 
quality of proteins and their relation to nutrition’ will 
make it more difficult to continue expressing protein 
requirements in exact quantities than before the de 
velopment of such knowledge; and what can be said of 
the quantitative requirements of fat soluble A and 
‘water soluble B and their supply in feeding materials? 

All these developments of the last few years empha- 
size the need of a thorough study of the contributing 
nutritive factors of a single food stuff, and in the state 
of our present knowledge such information will be se- 
cured only by physiological tests, involving the animal 
in reproduction and milk secretion. A _ contributing 
factor by a natural food may at times be in the nature 
of toxicity and this may serve as a harmful and ab- 
normal factor. As such knowledge develops and it be- 
comes clear that this or that single food material will 
supply adequately the normal nutritive factors, not 
measurable by any quantitative chemical method, such 
as fat soluble A, water soluble B, or mineral nutrients, 
we will return with more confidence to the mathemat- 
ical standard that only involves the energy and protein 
supply of that single food material. This confidence 
in the expressed quantities of energy and protein avail- 
able in a food-stuff will rest upon the definite informa- 
tion that they become physiological effectives only when 
they form part of a ration which carries one or a num- 
ber of food-stuffs supplying adequately the other nu- 
tritive factors. With such an understanding the feeding 

*Proceedings of The National Academy of Sciences. 
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standards developed on the energy-protein basis would 
continue to be theoretically sound and of very great 
practical value. As illustrative of our position, and 
taken from our own experience with wheat grain feeding 
we would feel reasonably safe if a wheat grain ration, 
based on protein and energy and to be fed continu- 
ously to a growing herbivorous animal, was built around 
alfalfa hay; less safe if built around corn stover, and 
fearful of disaster should the roughage used be wheat 
straw. 

In our earlier experiments a “balanced” ration from 
the wheat plant gave fair growth, but complete failure 
in reproduction with heifers, while a “balanced” ration 
from the corn plant was successful. 

In our attempts to locate the trouble in the all wheat 
ration, wheat grain-wheat straw-——we have fed rations 
made up of corn grain and wheat straw. Here the 
offspring were weak and often born dead. When to that 
same ration, hoever, a suituble salt mixture was added 
so that the ash content of the ration was like that of 
the all corn ration perfect offspring resulted. This 
would clearly indicate that one of the deficiencies of 
an all wheat plant ration was a proper salt mixture, 
When, however, the corn grain in the above ration was 
displaced by the wheat grain and the ration consisted 
of wheat grain-wheat straw and salts, disaster again 
resulted, which showed the presence of another dis- 
turbing factor in the wheat grain. Calves born by 
mothers upon this ration showed peculiar deflections 
of the head, inability to get up and suckle the mother, 
and in most cases have died within a few hours. 

These experiments indicate that in the all wheat plant 
ration there were two factors operative against normal 
nutrition, namely, a poor salt mixture and inherent 
toxicity of the wheat grain. When the wheat grain 
was coupled with corn stover we have sometimes met 
with success and sometimes with failure in the charac- 
ter of the offspring. With strong mothers it appears 
that the corn stover may beceme an “antidote” and 
thereby furnish sufficient of all the normal factors of 
nutrition so as to enable the animal to reproduce nor- 
mally. 

In other cases the wheat grain-corn stover ration had 
butter fat added to it for the purpose of supplying 
plentifully the growth-promoting factor—fat soluble A 
—now known to be necessary for growth and supplied 
abundantly in butter fat. It was thought possible that 
the wheat grain-wheat straw ration was somewhat 
deficient in this material. Butter fat additions, how- 
ever, did not uniformly improve the ration. We had 
a number of failures in reproduction, and also a num- 
ber of successes with its use. This would again em- 
phasize the probability of the presence of a toxic sub- 
stance in the wheat grain. 

When, however, the wheat grain was mixed with a 
legume hay, such as alfalfa, so that the latter formed 
but 20% of the ration, we have had perfect success in 
all cases in the production of normal offspring, at least 
for the first gestation. The improvement resulting 
from the use of the alfalfa must lie in introducing into 
the ration a better salt mixture, perhaps a better protein 
mixture, and an abundance of growth promoting sub- 
stances, all of which may contribute toward making 
it possible for the cell to destroy or resist the action 
of the toxic substance introduced. However, in the 
second gestation period on the same ration—wheat 
grain, wheat straw, alfalfa hay, the calves were weak, 
and in one case blind, but lived. This is extremely in- 
teresting as illustrating the cumulative effect of toxicity. 

Where corn stover was wholly substituted for the 
wheat straw we had a number of successes and also a 
number of failures in the first gestation period. Ap- 
parently this roughage was not as effective as an “anti- 
dote” to the toxicity as the legume hay. 

We had thought it possible in our earlier work that 
the acidity of the wheat ration was an important fac- 
tor in the results recorded. It was true that the 
urine of the all-wheat plant fed animals showed a 
slight acidity to litmus due to a low intake of bases 
in the ration, If this were an important factor in our 
results then the successful corn ration might be dis- 
turbed with acids and give us results similar to the 
wheat ration. This however, we found not to be the 
case, 

The results detailed above indicate clearly that wheat 
grain contains a toxic material, and later work has 
shown that this is very prominent in the embryo of 
the seed. When wheat embryo is imposed on corn stover 
so as to bring into the ration seven to eight times the 


C. Humphrey 


amount of embryo that would be introduced when 
feeding whole wheat, the result is likely to be an 
early abortion. The calf is now dropped at six to 
eight months; this demonstrates that the increased 
mass of the toxic material produces this disturbance 
at a somewhat more rapid rate. This result was par- 
ticularly apt to occur where no other grain was used 
with the embryo. With both corn meal and corn 
stover in the ration the detrimental effect of the wheat 
embryo was nullified, at least for a single gestation 
period. 

In an attempt to obtain an anatomical picture of 
the condition responsible for the physiological disturb- 
ances as already described, Dr. Bunting of the Medical 
School of the University, kindly consented to make a 
histological study of the tissues from a number of the 
abnormal calves. In general no striking lesions were 
revealed. Livers and kidneys showed some degenera- 
tion (hydropic) changes, but the nervous tissues 
gave the most evidence of the presence of an excessive 
amount of fluid—a condition of oedema. This histo- 
logical picture was analogous to that of beri beri, the 
result of feeding polished rice, and it also simulated, 
if it was not identical, with that obtained from the 
spinal cord of pigs on certain rations as described in 
a previous publication.‘ 

It was also apparent that rations producing an early 
delivery of offspring would usually lead to a failure 
of the animal to remove properly the afterbirth, with 
its attending dangers of infection; and an overabun- 
dance of a material like wheat straw in a ration, 
owing to its low salt content, becomes an important 
factor in premature birth. 

An observation in our experimental work of inter- 
est to veterinarians was the low resistance to other 
diseases of the mothers fed the wheat ration. In an 
outbreak of anthrax in the university herd the only 
losses to occur from this disease in our experimental 
herd were among the wheat grain fed animals. 

The principle’ laid down as te what factors must 
be present in a ration of natural origin in order that 
it becomes efficient for both growth and reproduction 
is well supported by these data. This principle pos- 
tulates that there must be present efficient proteins, 
adequate energy, proper salt mixture, fat soluble A 
and water soluble B (vitamines) and an absence of 
toxicity or a toxicity of such mildness as to become 
inocuous in the presence of the other normal factors of 
nutrition. The presence of toxicity in the wheat kernel 
as the explanatory factor for these records rests not 
only upon the evidence secured with swine and rats 
but also on that presented here. Jt is not a deficiency 
phenomenon. 

The recognition of these normal factors of nutrition 
and the further recognition of the occurrence in ap- 
parently normal food-stuffs of substances of mild 
toxicity will be of immense advantage in arriving at 
an understanding of the oft reported troubles with 
farm animals which today are either not understood or 
their etiology wrongly assigned; and in the field of 
human nutrition the same principles will apply. 

When a few years ago the corn crop of Nebraska 
failed to mature because of drought, but early rains 
had produced a bumper wheat crop it left many farm- 
ers with little to feed their breeding stock but wheat 
grain and certain roughages. In many cases where 
this was done the calves were born either dead or 
weak, with great financial losses to many breeders. 
No one would have suspected that the ration was @ 
factor in these disasters, but it undoubtedly was the 
direct cause of the trouble. 

When Dakota farmers, with their only roughage 4s 
wheat straw, try to build up an animal husbandry in- 
dustry there is likely to arise trouble in reproduction 
with this class of animals unless other roughages with 
better salt mixtures are brought into the ration. We 
are informed that there is already much trouble with 
reproduction by cows in the Dakotas wherever much 
wheat straw is fed. Such facts as these must em- 
phasize the importance of an understanding of all the 
factors of animal nutrition and in addition an under- 
standing of all the factors contributed by any partic- 
ular food-stuff. It should further emphasize how such 
studies can furnish the facts which will aid the «anl- 
mal feeder in avoiding the danger zones of his «rt. 
We necd more effort placed on the accumulation of i 
formation on the physiological behavior of feeding stuffs 
than on the attempts to bring out new mathematical cz- 
pressions of feeding standards. 
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Disinfection by Heat* 

Tus simplest form of heat disinfector is a furnace, 
and «ne difficulty of the art lies in the fact that most ob- 
jects requiring disinfection will not only not stand the 
heat of a furnace, but will stand very little more ex- 


posure to heat than even theoretically is sufficient for 
disinfection; in other words, that no factor of safety 


eun applied. 

Another difficulty is that in practical work there is 
no direct means of ascertaining whether disinfection 
has really taken place. However infected the object 
may , no microbe is to be seen on it before it is dis- 
infected, and the unlamented death of whatever mi- 
crobes may have been there must in practice be in- 


ferred merely from the process to which the object 
has been subjected. If, indeed, the disinfection has 
been imperfect, and the infected object causes sec- 
ondary cases, these will seldom or never be ascribed 
to their real cause, when so many other possible chan- 
nels of infection are at hand to bear the blame. This 
may be gratifying for the engineer who made the dis- 
infecting apparatus, but does not reduce the mischief 
to the individuals who suffer through its failure to dis- 
infect, nor the cost to the community of treating him. 
Accordingly, the bases of design of heat disinfection 
apparatus have even greater interest than those of other 
appliances of which the efficient working can be verified 
in actual practice; and this interest is enhanced by the 
fact that the three separate sciences of chemistry, 
physics, and bacteriology concur in providing the data 
by which the conditions of disinfection are determined 
and on which the design of disinfection appliances 
should be based. 


TYPES OF HEAT DISINFECTORS. 

Apart from disinfection by fire, which for most arti- 
cles cannot be distinguished from destruction, the old- 
est methods are baking and boiling. For most articles 
baking, as will be seen later, cannot be conducted at a 
high enough temperature to assure disinfection, and 
in practice any attempt to reach them results in 
It is, moreover, difficult or impossible in 
practice to assure an even temperature throughout an 
oven; and for all except objects of great resistance to 
heat or the destruction of infections or organisms of 
very low resistance, disinfection by hot air is impossi- 
ble, and the attempt to obtain it has become obsolete, 
whether the air is dry or moist. Boiling, on the other 
hand, is free from most of these objections, and in a 
suitable apparatus may give trustworthy results, quite 
convenient in their application to many objects. It 
permits intimate contact between the object to be dis- 
infected and the fluid which conveys the heat; and, al- 
though there are infections which do not perish with 
any reasonable exposure to the temperature of boiling 
water, there are others which do, and these include the 
exciting organisms of typhoid fever, cholera, diphtheria, 
and other common and highly infective diseases. 

l’erhaps the most effective form of apparatus for dis- 
infecting by boiling is the one devised originally by 
the Frenchman Herscher, who made a sort of glori- 
fied Napier’s coffee-pot arranged in two tiers, the ob- 
jects to be disinfected being put into the upper com- 
partment and the water in the lower one, preferably 
with some washing soda dissolved in it. The compart- 
ments are connected by two wide tubes, both extending 
from the lower part of the bottom chamber; the one 
delivers into the upper part of the upper chamber, and 
the other, which passes outside the chambers and is 
furnished with a simple valve, is connected to the 
lower part of the upper chamber. The water is forced 
into the upper chamber through the central tube 
When the trifling steam pressure that is necessary has 
been reached, and there is sprayed on and over the 
objects to be disinfected. When the lower chamber 
has thus been emptied so far that the bottom of the 
centre tube is uncovered, the water falls back into the 
lower pan if the pressure of steam, and therefore the 
temperature of the water falls off, and is there reheated 
and raised again; and when the operation is finished, 
the whole mass of the water is let down through the 
valve. By dissolving a suitable disinfectant in the 
Water, infections of considerable resistance can be de- 
Stroyed, the germicidal value of most disinfectants be- 
ing greatly enhanced by heat. 


scorching. 


STEAM DISINFECTION. 

Boiling, however, can be applied only to objects that 
can be conveniently dried, and is therefore inapplica- 
ble to many articles, such as mattresses. The double 
Process of boiling and drying is, moreover, lengthy ; and 
the Process which has the widest application is disinfee- 
ion by steam. Here the objects to be disinfected are 
arranged in a chamber, usually cylindrical or oval, into 
which steam is led. In some types the steam flows 





*London Times E yineering Supple ‘ 





through the chamber in a current during the whole of 
the operation; and of disinfectors of these types some 
allow the current to flow under inappreciable pressure 
above atmosphere, and others pass it through a loaded 
valve so as to ensure a definite pressure of anything 
from 2 lb. to 20 Ib. per. sq. in. In other types the steam 
is allowed to flow through for a certain time until 
all the air is expelled, and is then shut off and allowed 
tu rise to the disinfecting pressure, usually 10 lb. It is 
next allowed to remain in contact with the objects un- 
der treatment for five minutes, and then is blown off 
abruptly through a large sluice valve. Steam is then 
admitted again, and the process repeated a second 
and third time; and finally air is admitted under a coil 
of steam pipes at a higher pressure than the chamber 
steam, usually 45 lb. to 50 Ib., and exhausted at the 
top until the objects are dried by the current of air so 
warmed and drawn up a chimney by a simple form of 
ejector. The purpose of the coils, which are usually 
supplemented by a second row at the top of the cham- 
ber, is to make up for so much heat as is lost by radia- 
tion, and so keep the steam just saturated, but dry. In 
the best type of disinfector the epoch at which air is 
wholly removed from the chamber is indicated in a sim- 
ple auxiliary gauge in which samples of steam are 
condensed from time to time, and when they are air- 
free the gauge allows steam to pass to a recording 
pressure-gauge, the whole process of disinfection be- 
tween the epochs of complete exhaustion of air is thus 
recorded on the gauge and enables the attendant to be 
controlled by the responsible officer. 

In other types the chamber is steam-jacketed, the 
pressure in the jacket being higher by 10 lb. to 20 lb. 
than that of the chamber, and the steam being intended 
to be slightly superheated. Sometimes in disinfectors 
of this kind the air is partially removed before ad- 
mission of steam to the chamber by the action of an 
ejector, giving a vacuum of perhaps 18 in. to 22 in. The 
drying in the jacketed types, which are also used for: 
current steam at about atmospheric pressure, is done 
by radiation from the jacket walls and such ventilation 
as is got by leaving the door partly open. In a dis- 
infecting station the chamber usually passes through 
a wall dividing the disinfection hall into two wholly 
separate parts, one reserved for infected and one for 
disinfected work, the goods being put in by another 
on the disinfected side. For use in the country and 
for military purposes the disinfector may be mounted 
on wheels. Here it is usually of the current-steam, at- 
mospheric-pressure type, and is made jacketed, with the 
boiler in the jacket. 


CHEMICAL AND PHYSICAL DATA. 

Repeated analyses of bacteria have shown that their 
predominant constituents are always coagulable al- 
bumins, which appear even in organisms grown on non- 
albuminous culture material and yielding albumin-free 
metabolic products. Disinfection by heat is universally 
regarded as due to coagulation of the intra-cellular al- 
bumins; and if this hypothesis is correct, the conditions 
of disinfection, expressed chemically, must be those 
that determine the coagulation of albumins in the 
circumstances in which they exist in bacterial cells. 

The material circumstances in the coagulation of 
albumens by heat are the proportions of salts and of 
water they contain. The presence of salts delays co- 
agulation, though not to an inordinate extent; a serum 
albumin for instance, freed as far as possible from 
salts, was coagulated in a 1 to 1.5 per cent. solution 
at 50 deg. C., but the addition of 5 per cent. sodium 
chloride raised the temperature of coagulation by 
25 deg. to 30 deg. For the present purpose this effect 
may be left out of quantitative account, and be re- 
garded merely as tending to increase the resistance of 
the organism to disinfection. 

The presence of water, on the other hand, tends even 
more strikingly to reduce the resistance to coagulation. 
The lowest temperature at which albumin has been 
known to coagulate is the 50-deg. recorded above for a 
1 to 1% per cent. solution. On the other hand egg 
albumin dried over sulphuric acid in a vacuum and 
practically water-free, remained wholly soluble after 
exposure to 155 deg., was still partially soluble at 
160 deg., and was entirely coagulated at 170 deg. Serum 
albumin, freed from salts and globulin, of which the 
dilute solution coagulated at 56 deg. to 57 deg., coagu- 
lated in half an hour in a 25 per cent. solution at from 
74 deg. to 80 deg., 18 per cent. at from 80 deg. to 90 deg., 
and 6 per cent. at 145 deg. That these results depended 
on the moisture was shown by exposing sets of speci- 
mens to an hour's steaming—one set in a sealed tube, 
one in an open tube, and one in a tube loosely plugged 
with cotton wool, a specimen of each set being re- 
moved every minute for examination; at the end of the 
time the specimens in the sealed tube were uncoagu- 
lated, while the open-tube specimens had coagulated 
after eight to ten minutes, and the plugged specimens 


after somewhat longer, a delay attributed to the mix- 
ture of the steam in the tube with air. 


CONDITIONS TO BE OBSERVED. 


On these data, therefore, the temperature and ex- 
posure at which an organism will be disinfected by 
steam will depend on its original dryness and on how 
much its moisture varies during the process. Apart 
from the effect of salts, a spore containing 6 per cent. 
of moisture should, if its moisture remained constant, 
resist half an hour’s exposure to a little less than 
145 deg.; if the process, as with hot air or superheated 
steam, removed moisture from the spore, the resistance 
should be higher; if moisture was added, as with boil- 
ing water or saturated steam, it should be lower. There 
is no known limit to the extent to which spores can re- 
sist drying without affecting their vitality; and the 
drier the spore, the less rapidly will moisture pene- 
trate its cell-membrane and dilute its albumin. Taken 
together these considerations show that if disinfection 
of the most resistant organisms by steam is possible in, 
say, a quarter of an hour at 115 deg. to 120 deg., which 
is as high as clothes will safely stand, little margin of 
safety will be left, and what margin there may be on 
the chemical results will be liable to be absorbed in 
overcoming the further resistance to wetting, which is 
interposed by the minute dimensions of the spores, the 
extent to which fat often enters into their composition, 
and in practical disinfection the frequent presence of 
a protective envelope of grease, pus, serum, or other 
form of dirt. 

The operation of saturated steam in a disinfector 
when it meets porous objects is that it condenses, gives 
out its latent heat—which is enough to raise 15 to 16 
times its weight of wool from 0 deg. to 100 deg.—shrinks 
to a sixteen-hundredth of its volume, and so sucks in 
fresh steam, which condenses on the next unheated 
surface, and so on, in this way penetrating the porous 
objects and raising them to its own temperature. The 
objects may in fact be regarded as honeycombs with 
their cells covered by a thin film of condensed steam. 
When the steam is allowed to evaporate suddenly, as in 
the blowing off described earlier, it drives out any air 
left in the pores, and thus leaves the next steam able 
more readily to condense, which it could not do so 
easily in the presence of air. Incidentally, it will be 
observed that the fact of the pores being merely coated 
with a film of water and not, as in boiling, plugged 
with drops of it, allows the instantaneous evaporation 
of the bulk of the moisture when disinfection is over, 
and very greatly shortens the time of drying. To obtain 
the required temperature a pressure of 10 lb. to 15 Ib. 
per sq. in. is necessary; the air must be completely 
evacuated, and the steam be free from superheat. 

Direct bacteriological tests have concurred in furnish- 
ing substantially the same critical points. The lowest 
thermal death point of any bacterium in steam is about 
50 deg. In hot air an exposure for three hours to 
145 deg. is required. In superheated steam organisms 
that were destroyed in 1144 minute by saturated steam 
at 100 deg. survived 22 minutes’ exposure to superheated 
steam at 140 deg. A large number of experiments 
showed that spores would resist steam at 100 deg. for 
many hours and be killed by saturated steam at 110 deg. 
in 20 minutes. The maximum resistance recorded is of 
some spores which perished in saturated steam at 
140 deg. in one minute, while surviving 16 hours’ ex- 
posure to current steam at 100 deg. 

HUMAN INFECTIONS. 

In applying these results to human infections the 
safest course is naturally to assume that the unknown 
infection will have the highest fesistance that can be 
found. The infection of tuberculosis, for instance, 
though in fresh sputum it is destroyed with certainty 
by a short exposure to steam at 100 deg., has been known 
when exhibited as dried pus to resist three hours’ boil- 
ing at 100 deg. Of some infections, such as small pox 
and scarlet fever, the exciting organism is not yet 
known, though it is known to be remarkably resistant 
to drying. Accordingly for general disinfection it is 
not legitimate to use a lower temperature than 115 deg. 
for at least a quarter of an hour, then all precautions 
are taken to ensure the steam being saturated and free 
from air. In some circumstances, however, attention 
is particularly required to the disinfection of special 
diseases; and especially where weight and bulk of 
apparatus must be kept as low as possible, as with 
mobile disinfectors for troops, it may be legitimate to 
use disinfectors employing current steam, not working 
under appreciable pressure above atmosphere, which 
by reason of their lightness and simplicity offer prac- 
tical advantages in transport and attendance. The or- 
ganisms of typhoid fever, diphtheria, cholera, and many 
others are killed with certainty in such an appliance in 
a short exposure. 
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Experiments With Tandem Planes 
The Langley and Eiffel Models, and a New Design 


A GREAT amount of time, energy and money has been 
spent on various types of tandem plane machines, and 
while some success has been attained, the final solution 
has by no means been reached, 

Dr. Langley and M. BRiffel showed very clearly that: 

1. In some cases a tandem arrangement of two planes 
may be more efficient than a biplane arrangement. 

2. In a tandem arrangement of two planes it is more 
efficient to have both planes at equal angles than it is 
to have the rear plane at a negative angle 

3. It is more efficient to have a wide than a narrow 
spacing. 

4. Changing the angle of incidence of the rear plane 
has a very great vertical steering tendency . 

5. A tandem machine will fly. 

6. In tandem plane constructions the full size ma 
chines follow the same general laws as the models. 

It is certain that the 400 h.p. motors in use today 
woud fly the Langley machine at such a speed that it 
would be whipped to ribbons by the wind, but it is 
doubtful if the 50 h.p. motor of Dr. Langley’s would 
be powerful enough to lift a modern biplane as much 
us a single inch off the ground. If we consider the 
efficiency of an airplane as so many pounds carried 
per horse power miles per hour, we conclude that there 
must have been great merit in Dr. Langley’s inter 
pretation of aerodynamics. 

it is easily seen and has been proven that an aerofoil 
moving through air produces various eddies and cur 
rents in its wake At flying angles the eddies are 
much reduced, but a decided downward trend is pro- 
duced. Air, being an elastic medium, tends to return 
to a state of calm after the passage of the aerofoil. 
As a general theory the downwash is greatest very close 
to the trailing edge and diminishes as the distance be- 
hind the trailing edge increases. We do not know how 
soon or at what distance, either relative or absolute, 
the air will become calm after the passage of the aero- 
foil, but we do know that there must be some point at 
which the air will show no appreciable effect from the 
passage of the aerofoil. Some people claim that the 
downwash is changed to an upwash, but this is by no 
means certain, and was clearly shown not to be the 
case in any of the various dispositions tried in the 
experiments. 

Fig. 2 illustrates the flow of air around an aerofoil 
at a flying angle. No data is available on the condition 
of the air at a greater distance behind the aerofoil, 
but it is safe to assume that the downwash will dimin- 
ish rather than be augmented. The following plane is 
shown in the same relative position as the following 
planes of a majority of the flying models described later. 

-In all experiments with varying horizontal separa- 
tions of planes, varying from 2 to 5 chord lengths, the 
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downwash was seen to diminish as the gap was in- 
creased. At 5 chord lengths the downwash was still 
noticeable, but it was considered that in full sized ma- 
chines it would be more economical to take a slight 
loss of efficiency in the planes rather than to increase 
the length of body and thereby increase the weight, 
and friction. 

M. Eiffel assumed that a tandem plane machine must 
have a positive longitudinal diedral angle in order to 
be stable, but Dr. Langley’s “Airodrome” had a nega- 

















A model of the plane shownin Fig. 3 


tive longitudinal diedral angle, and was said to be 
very stable. 

Fig. 1 shows Dr. Langley’s tahdem monoplane at A, 
the Jeansen-Calliex tandem biplane at B, and the six- 
plane tandem models at C. It should be noted that the 
planes in arrangement A are very wide from front to 
back, they are heavily cambered, spaced very close to- 
gether, and set at greater angles than are ever used in 
modern practice. The tail must have caused consider- 
able loss of efficiency. 

In arrangement B the planes are spaced farther apart, 
and the rear planes are larger than the front planes. 
The longitudinal diedral is produced by setting the tail 
at a negative angle, but as it is spaced very far aft 
the steering effect on the whole machine would be very 
great, but the loss from having a negative surface 
would have to be made up by having a greater area of 
positive surface. 

Arrangement C was very satisfactory and was 
achieved after numerous trials with models having 
four, five, six, eight, and ten planes. The arrangement 


Lt fe 2:38 ane 


' 
! 


! i , 
































with six planes was studied more carefully, not because 
it promised the best results, but because it seemed 
best adapted to full size machines. 

The model shown in the photograph on this page is 
one of a series, the weights of which varied from 11% 
oz. to 14 oz. The wing area is 350 sq. inches. It is 
evident that the planes are lightly loaded. 

The models were built to make a rough estimate of 
the function of the following planes. The plane units 
or cells were fitted loosely on the bodies and could be 
shifted fore and aft very easily, as they were held 
down only by rubber bands. 

The location of the centre of gravity relative to the 
centre of pressure formed a good index to the amount 
of work performed by the following planes. The cen 
tre of gravity could not well be shifted without chang- 
ing the weight of the model, but by shifting the planes 
the location of the centre of pressure could be changed 
at will, without altering the model in other respects, 
and consequently various changes could be = studied 
closely, and the results compared by the actual per- 
formance of the models in free flight. 

Referring to Fig. 3, if there were no interference of 
planes the centre of gravity should be located at C, G, 
te secure horizontal flight. As a matter of fact the 
models did fly with this arrangement, but they were 
too tail heavy, and were greatly improved by locating 
the centre of gravity at CG. 

A very small change in the spacing of the planes rel- 
ative to the centre of gravity produced a great dif- 
ference in the performance of the models. A shift of 
one-eighth of an inch in the two forward units made 
no perceptible change in the location of the centre of 
gravity, but in flight it made the difference of driving 
the model to a height of 20 feet or causing it to barely 
rise higher than six inches from the floor. 

In order to determine whether the intermediate 
planes of the rear planes were doing the lifting, the 
top intermediate plane was removed. Greater speed 
was produced, as might be expected owing to decreased 
head resistance. The model flew very low, probably 
due to the fact that the surface had been decreased. 
The balance seemed to be the same or so nearly the 
same that the results could not be noticed. The other 
intermediate plane was next removed, but the surface 
had been so much reduced that the model could not fly. 

In straightaway flight the models performed very 
uniformly and steadily. It was noted that toward the 
end of a flight, as the power died out, every model had 
a tendency to rise, which might have been due to the 
fact that the centre of thrust was above the centre 
of gravity, or it might have been that as the propellers 
slowed down, the wash from them did not continue to 
support the rear planes. The models were very nose- 
heavy however, so that the rising tendency was soon 
overcome by the force of gravity pulling the noses 
downward. 
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T). models were excellent floaters, and could go 
into . dead stall and recover themselves. They could 
be J: pped without power from a dead stall, launched 
with ‘he wings making an angle of 90 degrees with the 
horizon, dropped sideways, dropped nose first, or 
lau. .ed backward and upside down, and invariably 
wou! right themselves, start to glide and make good 
landings. 

An arrangement was tried with the two front units 
at a: angle of three degrees and the rear unit at four 
degrics. This necessitated a forward shifting of the 
two ‘ront units. The centre of gravity remained about 
the sume, so that the distance between the centre of 
gravity and the centre of pressure was very much 
reduced, and proved that the one degree increase in 
angle of the rear planes had increased their lift to a 
considerable extent. The increase in head resistance 
was so small that no difference was made in the total 
length of flight. It was found that the 


fruit, especially such as are made from peelings and 
cores, are likely to win out in competition with drinks 
prepared from the fresh fruit. In favor of the drinks 
prepared from the dried by-products is the fact that in 
these the larger part of the aroma is still contained in 
the peelings, even after they have been subjected to a 
drying process. Furthermore, it is a much easier and 
simpler matter to prepare a beverage from the dried 
product than from the fresh juice, which is so easily 
exposed to alteration by alcoholic fermentation. Fur- 
thermore, in the dried fruit a large part of the albumi- 
noids not only make the juice difficult to clarify, but 
influence its keeping quality. From a practical stand- 
point the most prominent advantage in favor of the 
dried fruit is the fact that the manufacturer is con- 
fronted only by the simple problem of redissolving 
the dried soluble components of the material, which he 
can do in such a way as to control the concentration 


emptying and filling. These vessels are not provided 
with heating arrangements, but are in connection with 
an elevated basin filled with water at a temperature 
of 80-90° C.; water flows out of this hot water reser- 
voir at a constant rate of about 200 liters per hour, 
which makes possible a daily output of 2,000 liters per 
day of ten hours. 

The hot water passes into the first of the cylinders 
in operation. This cylinder, like all of the others, has 
received a charge of 100 kilos of dry apple peelings or 
other by-products. In the course of two hours, it has 
been filled by the water coming from the hot water 
tank. The extract is then drawn off from the bottom 
by means of a syphon, which delivers it at the top of 
the second cylinder. From here the process repeats 
itself, the extract from one cylinder being delivered to 
the next one until the last vessel has been filled. 
When this occurs, which generally requires about eight 

hours from the beginning, the finished 





negative longitudinal diedral angle was 
not necessary for the stability of the 
models. 





ae extract is drawn off. The first draught 
During the running out 


i = aa Yields 400 liters. 
| _ << = _—— Co ——= of these 400 liters, water is continually 


drawn into the system from the hot 
water tank. In this way the first vessel 








The experiments, as far as the models =O —S 
wére concerned, seemed to prove in every ease = 
way that the original theories were Fig. 2 


correct. 

In considering full size machines with six planes 
similar to the models, while there is bound to be some 
interference of the planes, there are many mitigating 
features which might be mentioned as follows: 

1. The propellers will break up a large percentage 
of the. interference between the first and second set 
of planes. 

2. The planes may be made thinner, and consequent- 
ly more efficient. 

4. The aspect ratio of the individual planes can be 
improved, as the tandem planes may be very long and 
narrow without increasing the total span to an un- 
reasonable extent. 

4. A system may be worked out for vertical control 
which will entirely eliminate the elevating rudder, 
thus saving considerable loss of efficiency. 

5. Weight for weight the tandem machine will be a 
great amount stronger, or if the factor of safety is the 
same the tandem will be 
lighter than the other. 

6. No stabilizer, automatic 
or otherwise, would be re- 
quired, as the tandem is in- 
herently stable. 


of the liquid, and in consequence is able to turn out a 
uniform product. To attain such a uniformity is im- 
possible with the fresh juice on account of its varying 
composition and particularly its varied acid content, on 
which chiefly depends the flavor of the beverage. As a 
matter of fact, the natural acid content of apple juice 
is from 0.5 to 0.9 per cent. too low for the production 
of the desired palate-fullness. To attain this palate- 
fullness about 1.5% of acid is necessary. A juice with 
less than this amount of acid is likely to appear to the 
average palate as lacking zest. The beverages pre- 
pared from the dried apples contain the natural ex- 
tractive matters of the fruit, such as the fruit sugar, 
the fruity acids and the nutritive salts, of which the 
phosphoric acid compounds are the most valuable. 
Since in the production of a drink with the desired 
acid content the dilution of the re-dissolved substances 
is not carried as far as is the case with the natural 








7. The tandem permits of 
larger constructions than have 
as yet been attempted. 











European Apple 
Beverages 
In view of the health-giving 
properties of the apple it is 





regrettable that non-alcoholic 
apple beverages fall so far 
behind those prepared from 
the lemon in popularity. It 
is said of the apple that it is 
the most commercial of fruits, 
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and in Europe people are ac- 
customed to value an orchard 
in accordance with the num- 
ber of apple trees it contains. 
Unfortunately, however, the 
quality of the European ap- 
ples is far behind the quan- 
tity; apple production in Eu- 
rope is so far from being 























profitable that it does not 
prevent the importation of the 
fruit from foreign countries, 
particularly from America, in great quantities. The 
average quality is undeniably poor and in consequence 
of the planting of inferior varieties and the keeping 
quality of the fruit is quite limited. 

The methods of working up the fruit in Europe are so 
primitive that American dried apples are not exposed 
to any serious competition by the home product. 

The marmalade industry employs for its cheaper 
products the refuse from ring apple production, espe- 
cially parings and cores, which are imported by the 
shipload. Before the war even the soft drink industry 
employed dried American apple peelings for the pro- 
duction of apple essences. 

Of somewhat more importance is the use of apples 
for the preparation of soft drinks. Drinks prepared 
from the natural fruit are naturally regarded as be- 
ing more valuable than the artificially aromatized im- 
itations. Considerable speculation has been indulged 
in as to whether beverages prepared from the dried 





has been emptied four times and filled five 
times. The first vessel is now removed 
from the system and its place is taken by the second 
one, while the reserve vessel which has just been filled 


with fresh material is connected with the vessel 
which has just yielded 400 liters extract. In 
this way a fresh vessel is brought into oper- 


ation and 400 liters of juice are obtained every 
two hours. During the manipulation the hot water 
becomes considerably cooled, and reaches the last ves- 
sel after it has lost a great deal of its heat. The last 
extractions are, therefore, cold extractions, which is 
of great importance for the taste of the product. This 
inethod, therefore, is an improvement on the one pre- 
viously employed, as it eliminates entirely the cooked 
taste. To eliminate such albuminoids as it now con- 
tains, the extract is heated to 80° C, After cooling it is 
filtered clear through a vacuum filter and carbonated 
in a mixing kettle under a pressure of 1144 atmospheres 
(22 lbs. per square inch) and then bottled and closed 
with the well-known crown 
corks. The process of ster- 
ilization finishes the manufac- 
ture. 

The finished average con- 
tains about 1.5% of total acid, 
20% of natural fruit sugar 
and 0.8% of mineral matters, 
of which the phosphoric acid 
compounds, amounting to 
0.1%, are considered the most 
valuable.—Pure Products. 


Polishing Glass 

Wuewn acids are used for 
polishing glass instead of the 
customary mechanical meth- 
ods with abrasive materials, 
the irregularities in the sur- 
face are removed by solution 
of the glass. Hydrofluoric 
acid is chiefly used, but other 
acids (such as sulphuric acid) 
may be added for subsidiary 
purposes such as the solution 
of calcium fluoride formed by 
the action of the hydrofluoric 
acid. A solution suitable for 
polishing Bohemian lead glass 
consists of water 1 part, sul- 

















FRONT ELEVATION 


40 INCHES 


—:- a SIDE ELEVATION phurie acid 2 parts, and hy- 
< drofiuoric acid 1 part; for 
Fig. 3 other glasses the most suitable 


juice, the dried apple beverages contain more sugar 
and other components in proportion to liquid, and 
therefore are more nutritive and satisfying than the 
juice in its original condition. 

The process of manufacture requires but few me- 
chanical appliances, since the process is merely a 
thorough extraction with hot water. For this purpose 
there are employed five cylindrical enameled vessels, 
each with a capacity of 600 liters. In each of these 
vessels there is a false bottom covered with a strain- 
ing cloth. Each is provided with a tight enameled 
cover, and to facilitate removing of the exhausted ma- 
terial is provided with a tipping device. These ex- 
tractors must communicate with one another; the neces- 
sary connections are made through easily removable 
enameled, or better, aluminum pipes and the extractors 
are provided with draining cocks of the same material. 
Four of these vessels are continually in operation, while 
the fifth is cut out of the series for the purpose of 


solution should be found by 
trial. The solution should be heated to 40°—50° C. 
and maintained at that temperature. The glass is 
cleaned by immersion for 45 seconds in a mixture of 
sulphuric acid 12 parts, hydrochloric acid 1 part, and 
water 100 parts, and then in water at 35° C. It is 
then immersed for 30 seconds in the polishing solution 
and is afterwards washed thoroughly. If one treat- 
ment is insufficient it may be repeated. Fine glass 
ware may receive a final polish with the aid of tin 
ash. The glass ware may be etched by covering it 
with a stencil and exposing it to the gas evolved from 
the polishing solution. If the glass is not polished 
after 30 seconds’ immersion, more hydrofluoric acid 
should be added to the solution. Good ventilation 
should be provided. This method of polishing is appli- 
eable to all kinds of glasses except the very finest 
ware; it is cheap and requires little skill—wNote in J. 
Soc. Chem. Ind. on an article by O. Parkert in Sprech- 
saal. 
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The Origin of Comets* 

Wuence do the comets come; whither do they go? 
Are they part of our solar system, or are they birds 
from afar, which linger around our little nest for a 
short time only? 

Ever since man has been able to meditate upon 
things above his immediate range, these questions 
have possessed great attraction for the imagination. 
lor a long time the opinions of the astronomers have 
been divided and changing: but today we are able to 
vive a positive answer to the question of the origin of 
the comets. 

Until the day of Tycho Brahe it was believed that 
these were phenomena in the atmosphere of the earth. 
'ycho succeeded in proving that they are celestial 
objects: but a real determination of their orbits in 
space was first made after Newton had discovered his 
law of universal gravitation, We are famillar now 
with the method by which one can demonstrate the 
effect of this force when acting between two heavenly 
bodies—for instance, the sun and the earth, The re- 
sult is that the small body—in this instance the earth— 
must travel in an oval orbit about the large body—or, 
us the mathematician calls it, in an elliptical orbit. 
Such is the orbit of the earth, such are also the orbits 
of the other planets 

A mathematical investigation of the problem, how- 
ever, shows that there is a possibility of two other 
kinds of orbits in the problem of two bodies. In ad- 
dition to the ellipse, there is the parabola and there is 





Fig. 1 


the hyperbola. The essential difference between these 
two kinds of orbits (parabola and hyperbola) on the 
one side, and the elliptical orbit on the other, is that the 
ellipse is a closed curve that returns to its starting 
point, while the parabola and the hyperbola are open, 
with branches of unlimited extent. 

This means that a comet with an elliptic orbit be- 
longs to our solar system, just as much as the planets 
themselves; but a parabolic or hyperbolic orbit indi- 
cates that the comet comes to us from without, from 
Thus the whole question of comet 
i 


wterstellar space 


origin seems very simple If we put together in 
table all computed orbits, we find that there are a cer 
tain number of hyperbolas and parabolas and a certain 
number of ellipses. From this the conclusion seems to 
be that some of the comets came from without and 
that others belong to the solar system. Yes, the whole 
problem thus displayed seems very simple, and until 
about twenty years ago it was treated in this simple 
way. But in reality it is much more complicated than 
this, 

When speaking about the problem of two bodies and 
the orbit of the smaller about the greater, we inten- 
tionally slid over one point which is of great impor- 
tance when we have to make eract calculations. In 
reality, we have not a simple problem of two bodies 
at all. In addition to the mutual attraction between 
the sun and the earth, between the sun and Mars, 
which makes the planets revolve about the sun, there is 
also a mutual attraction between the earth and Mars. 
Despite its comparative insignificance, this force causes 
deviations from the purely elliptical orbits of the two 
planets. Such small deviations from the simple curve 
are called perturbations. The computation of the per- 
turbations in the motions of the planets has for two 
centuries been the chief problem in theoretical as- 
tronomy. 

But in the case of the comet, the orbit must be 
computed in its entirety from the comparatively very 
small section of it in which the comet is visible from 
the earth. This is of course the section of the orbit 
near “perihelion,” shown in Fig. 1 

In this way, with the help only of a very small sec- 
tion of the orbit, one cometary orbit after another was 
computed. In the course of time we obtained a table 
of several hundred 


yf these orbits: and this table 


*Abstracted from a popular lecture at the University of 
by Elis Strémgren, Director of the Observatory at 


Copenhagen, Denmark 


Chicago 





formed the basis for all conclusions drawn in regard 
to the origin of the comets. It was not until about 
twenty years ago that this simple question was raised: 
Have not the great planets of our solar system had a 
noticeable influence upon the orbits of the comets dur- 
ing the long time needed for coming into the interior 
parts of the solar system? Is it not possible that this 
influence can be so great as to change an originally 
elliptic orbit into an open one, and vice versa? If this 
be the case, must not the question of the origin of the 
comets be reopened? 

The mathematician finds, among the various qualities 
that characterize the three curves mentioned, one which 
he calls the eccentricity, and denotes by e. The lay- 
man would call it the elongation, of the curve, starting 
from the obvious fact that the circle has no elongation. 
That is, for the circle e=O. Then we find that for the 
ellipse e can have any value between O and 1; for 
the parabola e=1; for the hyperbola e can have any 
value greater than 1, If then with the aid of our ob- 
servations we have calculated the orbit of a comet and 
obtained the result 

e=0.9995, 
this would mean that the orbit is elliptic; if we ob- 
tained the result 

e=1.0005, 
this would mean that the orbit is hyperbolic. 

Now among our calculated cometary orbits we really 
have a great many cases where the eccentricity lies in 
the neighborhood of unity—usually a little less than 1, 
in the other cases a little more. Yet what a funda- 
mental difference there is, from a cosmogonic point of 
view, between these two possibilities! In the one in- 
stance the comet belongs to us; in the other it is an 
intruder from outside. But this brings us back to the 
fact that the orbit which has been calculated from di- 
rect observation upon the innermost parts of its course 
cannot exactly correspond with the orbit which the 
comet had in the outer parts of the solar system, before 
coming under the influence of the several planets. 

Then it is in order to calculate the perturbations and 
see what eccentricity the orbit had when the comet was 
far away. This investigation has been made during the 
past twenty-two years; and the results may be sum- 
marized by the statement that if we follow the comets 
sufficiently far back, there is not one single hyperbolic 
orbit left. Those comets which near the sun appear 
to have a hyperbolic orbit, have it through the effect 
of perturbatons by the planets. 

This is the answer to the question of the origin of 
The comets belong to the solar system; 
and, where astronomers believed formerly that they had 
to distinguish between periodical and non-periodical 
comets, we speak now only of short-period and long- 
Some of the latter require hundreds 
of thousands of years to complete the circuit of their 
orbits; but they are none the less periodic. 

Let us consider this conclusion in relation to the long 


the comets. 


period comets. 


periods of time called for by cosmogenic theories. 
There is hardly an astronomer today who doubts the 
leading idea in modern cosmogony, that the celestial 
bodies and the systems of celestial bodies have origi- 
nated from nebulous matter. It is quite natural that 
there exist still in our solar system, especially in the 
outlying parts of it, such diffuse nebulous matter. But 
why do we fail to distover any comet coming from the 
space between the different systems? Is there no nebu- 
lous matter in the immense spaces which separate the 
various stellar systems? It really seems so, and we 
will try to indicate a possible explanation. 

Stars are found in systems either of globular form or 
of the form known as spiral nebule. In the former 
case the distribution of the stars is of an especially in- 
teresting nature. They are much concentrated in the cen- 
ter of the clusters, and gradually thin out toward the 
Further, until a few months ago as- 
tronomers had not been able to detect a single case of 
motion in such a globular cluster. Yet there is little in 
this world more certain than that all the stars in 
such a cluster are in continual motion; for the New- 
tonian law demands that they all attract one another 
with a force depending upon masses and distances. 

Let us take a star in the outer regions of the cluster; 
if it were for a moment at rest it would instantly be 
caught by the collective gravity from all the other 
stars. It is easy to see that this attraction must be 
directed towards the center of the cluster. 

The star begins to move towards the center. The 
force is acting all the time in the same direction, and 
consequently the speed of the star must increase with- 
out interruption, until the star has passed the center 
of the cluster. The star runs over to the other side. 
The force now is acting in the opposite direction to the 
motion, and the speed decreases, and after a certain 
length of time the star stops far out on the other side. 
The force will now bring the star back again. It passes 


outer regions, 





through the center again, and in this way this stor— 
and all other stars—will keep on traveling in or’ its 
out and in, in and out. 

In reality the orbits of the different stars wi e 
much more complicated than that. We assumed it 
the star had been at rest in a given moment. In h 
a case it would, as we have seen get a radial m 0 
through the center. But in reality the stars, gener: ||) 
will also have a component of motion vertical to ‘he 
line through the center of the cluster. How the mvuve- 
ments will show themselves in this more general !)ut 
also more complicated case is a problem which can be 
mathematically solved. In Fig. 2 we have an example 
of motion in globular clusters under the general conii- 
tions. 





But until now we have neglected an important 
thing. Until now we have been talking only about the 
effect of the globular mass as a iwchole. But now and 
then it will happen that two stars come so close to- 
gether, that their.motions will be entirely altered. 

The Newtonian law says: the force of attraction is 
greater the closer the masses are to each other. There- 
fore if two stars approach eaca other closely, their 
mutual attraction will be so great that it will overcome 
the attraction of the cluster as a whole, with the re- 
sult that the orbits of our two stars will be radically 
changed. 

In this connection it is not without interest to note 
that even in our solar syste'n, in spite of the fact that 
the masses composing it are so exceedingly small in 
comparison with one, the sun, movements are found 
which are quite analogous to the case now alluded to. 
We have, as a matter of fact, in our solar system ex- 
amples of comcts, the orbits of which, because of near- 
ness to one or other of the larger planets have been 
entirely changed. 

Thus we find the motion of the stas in a globular 
cluster to be this: in the main all the stars are in a 
motion governed by the collective attraction of the 
whole cluster, but once in a while two stars get so 
close together, that both are thrown out of their nor- 
mal orbits. This result is very interesting, because we 
have here a strange analogy to the motions in an en- 
tirely different problem of natural science. 

I think that all my auditors have an idea about how 
the physicist explains the conditions operating in the 
gases: innumerable molecules, which move around and 
about in the mass, meet each other and disturb each 
other’s orbits, just as we imagine the motions in a 
globular cluster. The motions in such a mass of gases 
can be subjected to a mathematical investigation, and 
of the results of such an investigation we will mention 
the following: 

In a globular mass of gas the molecules will ulti- 
mately arrange themselves in such a way that the mass 
will be densest in the center and gradually thinner to- 
wards the outer regions. Exactly as is the case with a 
globular cluster! 

But the theory of gases also claims another result: 
In a mass of gas the bigger molecules will by and by 
acquire low velocities and the smaller molecules high 
velocities. 

Let us think of a cluster! It contains millions of 
stars of different masses, large and small. After a long 
time the conditions will be such that the largest stars 
will have low velocities and the smaller masses high 
velocities. 

Let us think of our Milky Way system! We have 
there the millions of suns with their planets and satel- 
lites and more diffuse masses—the comets. But is 
there no nebulous matter, are there no comets in the 
space between the different solar systems? 

Now, Charlier has made the following suggestion, 
based upon the theorems as to thé theory of gases and 
the globular clusters which we have now pointed out. 
The diffuse nebulous masses in the space between the 
different solar systems would be the smallest indepen- 
dent masses in our Milky Way system. Consequently 
they would in the course of time develop the greatest 
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yeloci'ics; as a rule they will attain such great veloci- 
ties (iat they will be simply expelled from the Milky 
Way © stein. 


Thus the whole situation would be clear, the diffuse 
nebulous masses within the solar systems, in other 
words ‘he comets would on the whole be retained each 
by the -ravitation of its own sun, while those traveling 
in the space between the different solar systems would 
be driven out from the Milky Way system in the course 
of time 

We will let the matter rest here. 

An exact treatment of the orbits of the comets in 
our solar system, obtained from observations, has 
yielded the result that the comets of our solar system 
actually belong to it, and therefore that they have not 
wandered in from the outside. This result has now 
been accepted by probably all astronomers who have 
acquainted themselves with the problem. But surpris- 
ingly enough, it has required a long time for this simple 
idea which we have discussed to become established. 

It is singular that orbits of hundreds of comets were 
computed without leading the computers to investigate 
the influence of the perturbations produced on the 
original cometary orbits, and this in spite of the fact 
that the significance of the perturbations on the orbits 
of plancts had been well understood for two centuries. 

It is related of Charles Darwin that once, in reply- 
ing to an encouraging letter from a friend in respect 
to the acceptance of this theory as to the origin of spe- 
cies, he replied that although he certainly believed his 
theory of the development of species would one day 
win acceptance, he feared it would take as long a time 
as the development of species itself had taken. 

And in our problem, the simple thought of the ne- 
cessity of taking into consideration the effect of the 
perturbations on the orbits of the comets, when one 
wishes to draw cosmogonic conclusions, has not taken 
as long a time to become recognized as is required by 
the comets of long periods to make their circuit around 
the sun. However, those comets which have the 
shortest periods of revolution had to make many cir- 
cuits about the sun, before the simple idea, which has 
been the subject of our consideration, really became 
clear to the calculators of the orbits of comets! 


The Biological Character of Fatigue 
How the Body Protects Itself Against Excessive 
Weariness 

Wnuire it has long been known that fatigue is due 
to the formation of certain toxins in the body, which 
result from the wear and tear produced by prolonged 
exertion or stimulation, certain interesting phenomena 
connected with the subject have only very recently 
been recognized. One of these is the interesting and 
important fact that certain muscular or nervous ex- 
citations, which are too slight to produce any appar- 
ent effect, are, nevertheless, cumulative in their action, 
so that they are capable of producing exhaustion when 
sufficiently long continued. The bearing of this upon 
the ordinary conditions of life in modern cities, whose 
residents have their senses almost constantly impinged 
upon by noises, sights, odors and other stimuli, is 
obvious. Possibly, too, the curious might find some re- 
lation between this and that craving, not to say neces- 
sity, for stimulants which is so well nigh universal in 
modern life, except among the ultra-virtuous ranks 
of the prohibitionists. Another valuable discovery of 
recent date respects what is called the “distribution of 
fatigue,” which concerns the fact that certain tissues 
are more resistant to fatigue than others. Special re- 
search along ths line have been made by Professor J. 
Joteyko of the University of Brussels, an article by 
whom appeared in a recent number of Scientia (Milan) 
from which we quote as follows: 

Of recent years biologists have endeavored to de- 
scribe the phenomena of periodicity, of rhythm, in all 
manifestations of life, not only in the life of living 
creatures and their functions but in the life of the 
organs which constitute them. The process of living 
implies wear and tear, and every function is charac- 
terized by higher and by lower levels, by periods of 
plenitude and periods of waste, which impart to it its 
rhythmic action. Each organ and each tissue, in fact, 
as well as each individual has its own rhythm peculiar 
to itself. Even intellectual labor has its own individ- 
ual rhythm, and the application of proper hygienic 
measures in any given case depends upon knowing 
and obeying the laws of this rhythm and not in oppos- 
ing it and in forcing a new rhythm upon the indi- 
vidual, since the latter process might very often have 
an unfavorable effect, while at times it might even be 
injurious or actually destructive. 

In the present pages, however, we shall confine our- 
Selves to a brief discussion of the biological nature of 
fatigue as exhibited in motor phenomena. 





Fatigue may be defined as the loss of excitability 
produced by too long continued exercise, i. ¢. by an 
excess of excitation. The same excitants which pro- 
duce an excitation, that is, a reinforcement of vital 
phenomena, when they are of slight intensity or of 
short duration, are capable of producing very oppo- 
site effects, i. ¢., actual paralysis when of too great 
intensity or of too long duration. It is obvious also 
that the action of excitants, properly so-called, is quite 
opposite to that of anesthetics, in spite of the fact 
that in both cases the result of their action upon living 
matter is to produce paralysis. There is only a very 
superficial analogy between a fatigued organism and 
one which is under the influence of an anesthetic; the 
paralysis of fatigue is the result of an excess of activ- 
ity and is not produced until after the lapse of a certain 
length of time, during which the organism expends 
the maximum of activity proper to it; the paralysis 
of anesthesia, on the contrary, proceeds from the 
slowing up of the vital processes without any previous 
expenditure of energy; the latter is essentially depen- 
dent upon the effect—an effect whose nature is still 
unknown to us—exerted by anesthetics upon all forms 
of protoplasm, an effect whose operation is to render 
the latter incapable or inapt of being influenced by 
excitants. 

Fatigue may be recognized by the circumstance that 
the organism, after having produced the maximum of 
effort under the given conditions, falls into a state of 
inertia, which cannot be overcome except by an aug- 
mentation of the effect of the stimulant, and the fur- 
ther fact that there is a certain limit beyond which no 
excitant, however strong, is capable of arousing an 
external manifestation of activity. 

Although fatigue appears to belong particularly to 
the animal kingdom, it is possible to produce the phe- 
nomena of fatigue in plants by causing them to func- 
tion in the same manner as animals. Furthermore, it 
has been found possible to cause animals to functior 
like plants, thereby rendering them insensible to fa- 
tigue. The reason why no sign of fatigue can be 
detected in plants under ordinary condition is because 
their vital processes operate with extreme slowness, 
thereby preventing the occurrence of exhaustion. But 
if we impart a more intense activity to members of 
the vegetable kingdom the phenomena of fatigue make 
their appearance. The production of movement in 
sensitive plants (Mimosa pudica) by the operation of 
turgidity ceases at the end of a certain time when they 
are subjected to mechanical excitations which are too 
frequently repeated. A certain period of rest is re- 
quired to enable the plant to regain its motor proper- 
ties. Thus from the point of view of fatigue the differ- 
ence depends essentially upon the unequal speed of the 
exchanges made, 

While investigating the conditions governing the phe- 
nomenon of the “optimum labor” Maggiora found that 
when the middle finger is contracted only once every 
ten seconds (as registered by the ergograph) fatigue 
never supervenes. Under these conditions the contrac- 
tions of the flexor muscles attain their maximum de- 
gree and the muscles are able to continue working in- 
definitely, even when the weight to be lifted is as much 
as six kilograms (13.2 pounds). This proves that a 
rest period of ten seconds between the successive con- 
tractions is sufficient to entirely restore the loss suf- 
fered, thus making the muscle practically untirable. 

The researches just mentioned also enable us to 
interpret the untiring action of the heart. This organ 
beats according to an optimum rhythm, which is suffi- 
cient to secure a perfect repair of the wear and tear 
undergone, the chemical changes occurring during the 
systolic movement being exactly compensated during 
the diastolic movement. However, the heart acquires 
the property of being tirable when it is subjected to ab- 
normal excitations, as is the case in maladies of this 
organ. 

Fatigue is a phenomenon which is of general occur- 
rence throughout the animal world; however, there 
exist innumerable degrees of fatiguability. It is worth 
while to compare the different fatiguability in this 
respect to be observed in the three principal catego- 
ries of movement: amoeboid movement, vibratile move- 
ment and muscular contraction. If an electric current 
be made to pass through the body of an Actinosphae- 
rium energetic contractions will be observed as soon as 
the current is closed. The protoplasm of the pseudo- 
pods flows in a centripetal direction until these pro- 
trusions have been entirely retracted. At the same 
time there is produced a granular destruction of the 
protoplasm. But if the experiment continues for a 


certain length of time the living substance of the Acti- 
nosphacrium becomes fatigued, so that the excitant 
which at first produced violent destructive phenomena 
finally ceases to have any observable effect upon the 
Engelmann observed that at the end of a 


tissue. 


certain time of the excitation of vibratile cilia by 
means of powerful electric currents phenomena of fa- 
tigue make their appearance; it then becomes neces- 
sary either to augment the intensity of the excitant or 
else to allow a certain period of repose to elapse in 
order to obtain the same effect as at the beginning. J. 
Massart demonstrated that the excitability of the 
Noctiluquae, which react to external excitants by the 
emission of light (phosphorescence), rapidly disap- 
pears under the influence of fatigue. The individuals 
exhausted by continuous agitation recover their power 
of emitting light merely by rest. In the same way 
electric fishes are not capable of an indetinite produc- 
tion of electric discharges (Marey, d’ Arsonval). As 
for the muscles, the striated fibres become fatigued 
much more rapidly than the smooth muscles, and the 
pale striated fibre is more easily fatigued than the red 
striated fibre. 

The phenomena of fatigue which are the inevitable 
result of activity are characterised by the diminution 
or the total loss of the specific energy of each organ 
or part of an organ. Thus the fatigue of a muscle will 
be characterized by the diminution or loss of its con- 
tractile power, the fatigue of the nerve by the diminu- 
tion or loss of its power of conduction, the fatigue of the 
eye by diminution or loss in its power of perceiving light 
and fatigue of the ear by diminution or loss in its 
sensitiveness to sound waves. 

The quality of the excitant is no less important than 
its intensity in the production of fatigue. Any given 
form of living matter may be more sensitive to one 
quality of a given stimulus than to another. Oertain 
stimuli exert no effect upon certain forms of living 
matter. For example, certain marine rhizopods do 
not react at all to shocks of induction; the same thing 
is true of certain muscles, i. e., the smooth muscles, 
and the excitation produced in them is confined to the 
sensitive nerve terminations which they contain. On 
the other hand, both the rhizopods and the smooth 
muscles can be made to react by the galvanic current. 
We may conclude, therefore, that living matter is sen- 
sitive to a certain degree to the quality of stimuli, even 
general ones. This effect of quality becomes extremely 
marked when the stimuli are not general but specific, 
as in the case of sound waves, light waves, etc. In 
these cases we behold the predominating réle played 
by what is pnown as the adequate stimulus. 

So far as the intensity of the stimulus is concerned, 
the part it plays has been much studied and is well un- 
derstood ; but a question which has been much debated 
is that concerning the stimuli which are termed in- 
active, 1. e., those which are below the threshold of 
excitation. But the question has arisen whether these 
so-called “inactive” stimuli exert any effect when they 
operate during long periods of time. The reason that 
physiologists are divided in opinion in regard to this 
is because the question was not properly presented. 
As I have been able to demonstrate the effect pro- 
duced by such stimuli must be studied separately in 
the case of the fresh muscle and in that of the tired 
muscle, 

As regards the fresh or untired muscle Dr. Charles 
Richet has definitely proved not only that several 
shocks produce a combined or “added” effect (the phe- 
nomenon “of the staircase” in which the shocks contin- 
ually increase in strength), but likewise that there is 
also a latent addition, i. e. a combined effect of ex- 
citations which are so feeble that at the beginning 
they produce no apparent effect whatever. In such a 
case the contraction suddenly appears after the lapse 
of a certain period of continual excitation. As a 
result of this the muscle becomes more excitable than 
at the beginning after it has been subject for a certain 
length of time to these slight and apparently ineffec- 
tive excitations. The fact is that these slight excita- 
tions have really produced an effect each time though 
the latter was not sufficiently strong to occasion the 
contraction. It is even possible to exhaust a muscle 
by excitations timed in a rhythm of one per second, 
which are too feeble to provoke a muscular shock. In 
this case the muscle becomes less and less excitable 
and the intensity of the induced current may be gradu- 
ally increased without causing the muscular shock. 
By such experiments Ch. Richet established the fact 
that a muscle can be entirely exhausted without hav- 
ing produced any external work. A proof that this 
exhaustion is due to fatigue consists in the fact that it 
is only necessary to interrupt the so-called inactive 
excitations for a short time in order for the muscle 
to become rested. 

The experiments of Gotschlick made by chemical 
methods have demonstrated that the muscle becomes 
acid when subjected to the action of excitations so fee- 
ble that they are unable to determine any contgaction. 
Under the same conditions Danilewsky proved that 
there was an increase of temperature in the muscle, 
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This is supporte likewise by some of my own ex- 
periments. 
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nervous system sends to the to pro- 
contraction is not at the 
of effort 


stimulus acting upon the 


cdluce 


crease merely signifies an increase 


tensity of the muscles, which 


in its turn reacts upon the will power. So long as the 
in order to van 
cannot 
condition 


early 


nerve centres tend to increase effort 
muscle, we 
this 


heralding 


inertia of the 
fatigue, although 
already in preparation 
True fatigue of the 
is to be recognized by the impossibility it 
effort, 
effort 
umong 
effort 
given by 


growing 
their 


quish the 
speak of 
may be 


own 
and 
exhaustion. nervous system itself 
experiences 
readily by 
fatigue of 
who 


of augmentng the and even more 


the diminution of the This state of 


the nerve occurs normal 
ereat 
warnings 


rapidly, 


centres 
exerted very 


persons 


have without paying at 


peripheral fatigue, 


without 


tention to the 


ind also occurs very and almost any 


previous work being done, among certain persons suf- 


fering from nervous maladies, principally among neu 


rasthenic persons who already have nerve centres pre- 


Among such persons the feeling of 


permanent 


fatigued. 
may be 


viously 


fatigue without corresponding to 


true organic fatigue. 


As we see, the whole mechanism of fatigue is so con- 
the nerve cen- 
the nerve 


abolition of 


stituted as to ensure the protection of 


excitations. jefore 
fatigued the 
the functions of the peripheric motor nerve terminations 
checks all Fatigue, 
xarded 


from injurious 


tres 


centres have time to become 


reactions, therefore, may be re- 


both as an automatic defence and also as a 
lower 
conscious of the effects 


this 


animals have no need of 
of fatigue in order to 
arrest of motion is automat 
exerts a pre- 


conscious defence. The 
being 
since 

But 
ventive action and by 


stop movement, 


ically produced. conscious defence 
reason of this becomes a mental 


phenomenon. 


Role of Ultra-Violet Light in Chemical Reaction 


In this general article the 
account of photochemical action. 


author gives an excellent 
The real reason for 
the preponderating importance of ultra-violet light in 
photochemical action is that although rays are 
invisible to our eyes they represent the most intense 
energetic quality of light. In fact, the frequency of vi- 
bration plays, in respect of radiant energy, the rdle of 
potential (or the intensity factor) which temperature 
plays in respect of heat energy. We have, therefore, a 
photo-chemistry of high vibration frequency, just as 
we have a thermochemistry of high temperatures, and 
there is o striking parallelism between the two. In 
fact the chemical effects of high temperatures can be 
reproduced by light of sufficiently rapid vibration. Ele- 
vation of the frequency cannot only act catalytically 
but can also displace the equilibrium. For the pur- 
pose of measuring the chemical activity of the ultra- 
violet rays, the author has introduced a new actino- 
meter which depends on the decomposition, with pro- 


these 


duction of carbonic oxide, of ketoses, such as laevy! 

By means of this actinometer the gradual deter 
tion of mercury lamps has been followed. This det: ;j 
ration has been found to be due to a fine deposi: 
amorphous carbon on the walls of the lamp, whe: 
the shorter and more active rays are cut off. By means 
of ultra-violet light of high frequency endothermic «\-p. 
theses can be carried out, such as the productio: of 
carbohydrates from carbon dioxide and water-y») or, 
Other syntheses can also be effected by means of the 
ultra-violet rays of high frequency, and the author hag 
succeeded in synthesising a new compound, OO (< N); 
by this means. Decompositions, similarly, can be ef. 
and the principal types of fermentation reac 
Absta. 


fected, 
tions can be carried out.—Note in Sei. 
by D. Berthelot, in J. de Physique. 
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